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ABSTRACT 


Two studies were conducted to determine patterns of 
tissue growth and development, relative growth patterns of 
individual muscles and chemical composition of muscles in 
Swine and to assess the effect of liveweight, breed, sex, 


ration and feeding level on these patterns. 


In Study 1, complete anatomical dissection was carried 
out on the left side of carcasses of seventy-three pigs 
taken from an experiment which involved 144 barrows and 
gilts of Duroc x Yorkshire (DY), Hampshire x Yorkshire (HY), 
and Yorkshire x Yorkshire (YY) breeding, fed either a high 
energy (HE) (3652 kcal DE/kg and 19.9% CP) or a low energy 
(LE) 2757 kcal DE/kg and 15.3% CP) ration for two one-hour 
periods per day and slaughtered at 68, 91 and 114 kg 
liveweight. Part of the study also included data from 19 
Hampshire x Yorkshire barrows and gilts killed at the oane 
liveweights but fed the two rations on an ad libitum basis. 
To establish a starting point, nine barrows and eight gilts 
of the same breed groups were slaughtered at 23 kg 


liveweight. 


In Study 2, complete anatomical dissection was carried 
out on the left side of carcasses of seventy-two Yorkshire x 
Lacombe (YL) and Yorkshire x Lacombe-Yorkshire (YLY) barrows 


and gilts fed a ration containing 2951 kcal DE/kg and 15.5% 
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CP at one of three feeding levels (3.2, 3.7 or 4.2% of body 
weight) and slaughtered at 68, 91 or 114 kg liveweight. In 
most comparisons data from the 23 kg liveweight group in 
Study 1 were used as starting or reference points for the 


data in Study 2. 


A normal pattern of tissue growth occurred in each 
study. Bone growth was relatively slow and muscle growth 
relatively fast. Fat deposition paralleled muscle growth up 
to 91 kg liveweight and thereafter exceeded muscle growth in 
absolute amount. Gilts had a greater proportion of muscle 
and less of fat than did barrows. In Study 1 the influence 
of HE and LE rations were similar to those of barrows and 
gilts respectively. In Study 2, pigs fed at the 3.2% level 
had a greater proportion of muscle and less of fat than 


those fed at the 3.7 or 4.2% feeding levels. 


Muscle distribution changed slightly between 23 and 68 
kg liveweight but remained relatively constant thereafter. 
Interactions effected the percentage of some muscle groups. 
However, the growth patterns of individual muscles in these 
studies did reveal a direct relationship between 


differential muscle development and function. 


Five muscles from each animal (M. extensor carpi 
radialis (ECR), M. longissimus dorsi (LD), MM. obligquus 


internus abdominus (OIA), M. rhomboideus (RH), MM. 
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semitendinosus (ST) were analysed for moisture, nitrogen, 
fat and ash according to AOAC (1965) methods. Each muscle 


represented different relative growth impetus patterns. 


Similarities were observed between the pattern of 
muscle and fat deposition in the carcass and the pattern of 
nitrogen and fat deposition in muscle. Concentrations of 
water, nitrogen, fat and ash in some muscles were effected 
by interactions. Chemical composition of muscle appeared _ to 
be related to muscle function. Those muscles responsible for 
mobility had greater concentrations of nitrogen and less of 


fat than the more sedentry support muscles. 
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GENERAL INTRODUCTION 


An increasing demand for animal protein coupled with a 
decreasing availability of animal food stuffs may, in 
future, dictate quite radical changes in animal production 
and product processing. Species of animals, which up to now, 
have been considered articles of pleasure or recreation, but 
which, because of evolutionary adaptation, may have certain 
-advantages over present meat-producing species and will take 


on a new role in the production of animal protein. 


Maintaining species, such as the pig, which compete 
directly for human food stuffs may only be justified if 
means are found by which the muscle to fat ratio (and 
therefore the relative protein content) of the carcass might 
be increased. Any attempts to change the proportions of 
muscle and fat in the pig carcass will require a more 
complete knowledge of the physical and chemical growth of 
these tissues relative to tissue function. In addition the 
influence of various genetic and environmental factors on 


tissue growth in pigs must be delineated more fully. 


The objective of this study was to examine the relative 
growth patterns of major carcass tissues, individual muscles 
and the major chemical components of muscle in pigs and _ to 
evaluate some of the deviations that might occur in these 


growth patterns as a result of various genotypic and 
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I. Tissue Growth in the Carcass 


ee se ee 


A) Introduction 


The term growth has many connotations and as suggested 
by Kunkel (1961) may mean anything from reproduction to 
cellular division, migration, or expansion to increase in 
body size. In domestic animals growth has usually referred 
MG an increase in body size over some period of time. Fowler 
(1968) considered this the first and. simplest means of 
describing growth. A second consideration of the growth 
process, which might be considered as development, is the 
change in form of the body as a result of the relative 
growth rates of various body components. D'Arcy Thompson 
(1917) suggested that body form followed the development of 
body components as dictated by function and Kunkel (1961) 
considered the growth process to be highly plastic and 
responSive to genetic and environmental forces. Function 
therefore may, over time, dictate the rate of differential 
tissue development and the form and growth of animals within 


a population. 


In the domestic meat animal the three major body 
tissues of economic importance are muscle, fat and bone. The 
very detailed Cambridge studies conducted by Hammond (1932), 
McMeekan (1940 a, b, c) and Palsson and Verges (1952a, _ b) 
recognized and described a differential development of these 


three tissues as animals matured. Following birth, bone is 
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the earliest developing tissue, followed by muscle and then 
fat. Bone provides both a supporting frame for other tissues 
and a mobility function while muscle provides a supporting 
connection between bones and a work function. Because of the 
necessity for mobility very scon after birth, bone and 
muscle develop relatively quickly. Fat provides an energy 
store but because the young animal is able to obtain its 
initial energy requirements through suckling, the rate of 
fat deposition in the body does not show any dramatic 
increases until late in the suckling period or sometime 


thereafter. 


The relative proportions of muscle, fat and bone in a 
carcass change as liveweight increases and may be influenced 
by both genetic and environmental factors. In pigs the 
proportion of muscle decreaseS in the carcass and fat 
increases as liveweight increases (Atkinson and Klein, 1946; 
Allen et al, 1961; Bowland and Berg, 1959; Braude et al, 
1963; Brooks et al, 1964; Buck, 1963; Bull and Longwell, 
1929; McCampbell and Baird, 1961; Mitchell and Hamilton, 


1929) . 


Breed and type of pig affect carcass composition (Aunan 
et al, 1961; Berg, 1958; King, 1963; King, 1966; Lucas and 
Calder, 1956; Plank and Berg, 1963; Sayre et al, 1963; 


Whiteman et al, 1951). 
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Barrows have a greater proportion of carcass fat and 
Smaller proportion of muscle than do gilts (Bruner et al, 


1958; Self et al, 1957; Robinson, 1965; Zobrisky, 1961). 


Differences in proportions of muscle and fat in the 
carcass may be a result of energy levels of the ration or 
level of feeding (Baird and McCampbell, 1962; Brooks et al, 
1964; Cooke et al, 1972; Davies and Lucas, 1972a, b; Lodge 


et al., 19723; Jones and Pond, 1964; Wagner et al, 1963). 


The above studies would appear to have satisfied many 
of the questions surrounding genetic and environmental 
affects on carcass composition in the pig. However, the 
major proportion of these studies relied on jointing 
carcasses into wholesale cuts MOR e tg) the functional 
aspects of the tissues studied. Because of this, little 
opportunity was afforded to determine in detail changes in 
the proportions of tissues or their distribution within the 
carcass. In some cases the use of the jointing technigue has 
resulted in quite inaccurate conclusions. For example, 
Cambridge studies proposed that a centripetal growth pattern 
existed beginning in the distal limbs and moving towards the 
loin which was classified as the latest developing region of 
the body. More recent growth studies based on complete 
anatomical dissection (Butterfield, 1963) have indicated 
that the loin really develops at the same relative rate as 


total muscle. The loin joint used by Hammond (1932) 
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contained a proportion of abdominal wall muscle which 
develops later than the loin. Including the abdominal muscle 
in the loin joint led to the conclusion that the loin was 


late developing. 


As has been pointed out by Williams (1968a, b) the use 
of carcass joints in evaluating carcass composition is 
subject to error in reproducibility. In addition jointing 
provides only limited information of the growth and 
development of individual tissues. Because of this, two 
anatomical studies were undertaken in an attempt to further 
clarify the growth patterns of individual carcass tissues in 
the pig and to determine what affect various genetic and 
environmental factors might have on these patterns. Data 
from the first study have been presented in some detail 
already (Richmond and Berg, 1971la, b, c, 1972) and part of 
thes data!) from Study 2. is presently being prepared for 
presentation (Lind et al, 1976; Wilson et al, 1976). A 
Summary of the growth and carcass composition data for each 
Study is presented in this chapter as a guide and reference 
point for the chapters on relative impetus of muscles and 
muscle chemical composition. 

B) Materials_and Methods 


Study 1: 


The methods, procedures and experimental design have 


been previously outlined (Skitsko, 1969; Skitsko and 
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Bowland, 1970) in reports concerning the nutritional aspects 
of the study. Basically the study involved 144 barrows and 
gilts of fs ape x Yorkshire (DY), Hampshire x Yorkshire (HY) 
and Yorkshire x Yorkshire (YY) breeding which were fed a 
standard early weaning ration containing 3500 kcal DE/kgq and 
20% crude protein from weaning at three weeks until they 
reached 23 kg liveweight. Thereafter they were individually 
fed either a high energy (HE) (3652 kcal DE/kg and 19.9% CP) 
or low energy (LE) (2757 kcal DE/kg and 15.3% CP) ration for 
two one-hour periods per day and slaughtered at either 68, 
91 or 114 kg liveweight. A random sample of seventy-three 
pigs, representing breed, sex and ration treatments at each 
of the three slaughter weights were chosen for carcass 
dissection. An additional nine barrows and eight gilts of 
the same breed groups were slaughtered at 23 kg liveweight 
to establish a base for carcass composition comparisons. All 
Slaughtering, carcass grading and Record of Performance 
measuring was done at a local packing plant. The left side 
of each carcass was returned to the University Meats 
Laboratory for dissection. Half carcasses were dissected 
into individual muscles, fat and bone (Butterfield and May, 
1965). Fat was separated into subcutaneous (fat + skin), 
intermuscular and body cavity fat. Loose connective tissue 
was weighed with fat. Tendon was weighed separately but 


included with bone in this study. 
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Study _ 2: 


Thirty-six barrows and 36 gilts of Yorkshire x Lacombe 
(YL) and Yorkshire x Lacombe-Yorkshire (YLY) breeding were 
fed a starter diet (ad libitum) until they exceeded 22.7 kg 
liveweight and thereafter were individually fed an 
experimental diet (2951 kcal/kg DE and 15.5% CP) at one of 
three feeding levels (3.2, 3.7 or 4.2% of body weight) and 
Slaughtered at 68, 91 or 114 kg liveweight. Initially at the 
beginning of the experiment, feed levels of 3.0% and 4.0% of 
body weight and ad libitum were offered. However, it soon 
became obvious that the 3.0% feeding level was too low to 
Maintain growth and this was raised to 3.5%. When individual 
feed intakes were calculated for the entire experiment, it 
was found that the actual realized levels of feeding were 
3.2%, 3.7% and 4.2% corresponding to the nominal 3.5%, 4.0% 
and ad libitum feeding levels. All animals were weighed 


weekly and feeding levels adjusted accordingly. 


All pigs were group housed in pens measuring 1.8 x 3.1 
meters and were individually fed in stalls 0.45 meters wide. 
Those pigs receiving the 3.2% and 3.7% levels of feed were 
allowed equal portions of their daily allowance during two 
one-hour feeding periods (8 AM and 4 PM). Those pigs on the 
4.2% level of feed were allowed an additional two hours of 


feeding time at 12 noon. 
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As in Study 1 all pigs were slaughtered at a local 
packing plant. However, unlike Study 1, the entire carcass 
was prepared at the Meats Laboratory. The head including 
jowls was removed at the atlanto-occipital joint and the 
carcass split with a handsaw. The right side of each carcass 
was divided into closely trimmed boneless retail cuts and 
the left side dissected into individual muscles and bone, 
skin, subcutaneous fat, intermuscular fat and body cavity 
fat as in Study 1. The only deviation in dissection 
procedure was the separation of skin from subcutaneous fat 
in Study 2. These tissues were removed together in Study 1. 
For the analysis of gross carcass composition in this 
chapter, fat is considered as weight of fat + skin for both 


studies. 


Statistical analyses of the data involved multiway 
analyses of variance and mean comparisons (Steel and Torrie, 
1960). 

C) Results_and Discussion 


1. Tissue Growth 


The average weight of the carcass and individual 
tissues (muscle, fat and bone) relative to liveweight for 
each study ie plotted in Figure 1. Bone grew relatively 
Slowly while muscle had a relatively high growth rate. 
Beyond 91 kg liveweight, muscle growth declined and fat 


deposition increased resulting in an almost linear increase 
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in carcass weight relative to liveweight. Fat comprised the 
greater proportion of the carcass weight increase beyond 91 
kg liveweight. Similar tissue growth patterns have been 
observed in pigs by Cuthbertson and Pomeroy (1962) and 
Brooks et al (1964) and in cattle by Berg (1968) and Berg 


and Butterfield (1968). 


2. Influence of Liveweight on Tissue Growth 


Carcass composition and tissue growth data for Studies 
1 and 2 are presented in Tables 1 and 2. Pigs in Study 2 
were 19, 24 and 17 days older at 68, 91 and 114 kg 
liveweight respectively than pigs in Study 1 (Tables 1 and 
2)- However, carcass composition wasS Similar for each group 
of pigs. Reid et al (1968) indicated that sheep restricted 
in feed intake were older but not different in carcass 
composition from those on normal feed intake when each were 


Slaughtered at the same liveweight. 


In each study, dressing percentage and back fat 
increased Significantly (P<0.05) as liveweight increased. 
Carcass weight and the weight of muscle, fat and bone also 
increased Significantly (P<0. 05) with increasing 
liveweights. On a relative basis, however, percentage muscle 
and bone decreased and percentage fat increased (P<0.05) as 
liveweight increased. Between 23 and 114 kg liveweight 
carcass, muscle and fat growth per day of age increased 


while bone weight per day of age remained relatively 


‘* ? . d | eo > + if) sty ee ¥; 7 aes Vv £ “t st my » ini ay aasots- at 
ricnme J atig r=> BAW Th ree tog | wtort - 
; ewe = rat tata eter i waves on 


‘ ee ae ’ a¢ tse5 ri Th Ber sa +s ? avze2to 


/ 


\h4peid “ote. & ag. £ 


Cr) Bas” oo eT? eae 
; ae 
rs mi rteyrpougss3 tin saseyes 


“— * ip Rt 2h o¢vtcn ea n4) : 1a56> 17909908 | -%E 
‘? fh Pry ae r os 2B ap kg 3a 


tou dwt) sepia Yew, ot amb Geese 
: ‘ . 
* q 


c+ ps not Oo toh ho ret oer tat? l2gqreS 


Jintovstib 6qae” olt 26,85 7e20GReeee 


‘#a2 Aes: tz nye ty ‘sr  pokeaneid ,~whnsa Ase rf 


ri eit ae eae ar LlLavay zt I ‘ (ce i) Sie | J 2 4 i i if Kort ry ke . ibuyizeegodt al} 
Gals’ gn08 bin t6),otoruw to Stpiey, sak Sis tiptew aaehas” 
Ma i iy : 


pre ith (20ND aye hte ttiipio Seessaont/ 


* 


oe a 





hae Ce = , _ yi. : a“ 


rie 
ie 


| etry - 


TISSUE WEIGHT (kg) 







90 
Carcass 






Study 1] 
Se ee LOY: ae, 





80 


70 


60 


50 


40 


30 


20 


Ze 68 91 114 
LIVEWEIGHT (kg) 


Figure 1. Carcass, muscle, fat and bone weights 
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constant. Because of the difference in age of the pigs in 
each study, growth per day of age was somewhat greater for 
each measurement in Study 1 than in Study 2. However, muscle 
and fat were being deposited at similar relative rates in 
each study. The ratios of muscle per day of age to fat per 
day of age were 1.64, 1.45 and 1.14 in Study 1 and 1.67, 
1.42 and 1.17 for pigs in Study 2 at 68, 91 and 114 kg 
liveweight respectively. As liveweight increased, the rate 
of fat deposition increased and muscle growth decreased. At 
91 kg liveweight pigs in Study 1 had 84% of the muscle and 
66% of the fat that was present at 114 kg liveweight. 
Corresponding figures for pigs in Study 2 were 82% of muscle 


and 68% of fat. 


Feed conversion remained relatively constant as 
liveweight increased in Study 14 but in Study 2 feed 
conversion increased significantly (P<0.05) as liveweight 
increased. The lower nutrient density of the Study 2 ration 
may have necessitated a higher intake to meet energy 
requirements. 


3. Influence of Breed on Tissue Growth 


a a a a ee SS 


Comparisons among breed groups are presented but cannot 
be considered as being specific for the breed groups 
studied. In Study 1, HY and DY pigs were crossbreds while YY 
pigs were purebreds. In Study 2, YL pigs were first cross 


progeny while YLY pigs were backcross progeny. Gain and 
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carcass traits may have been influenced by heterosis and its 


importance could not be assessed in these studies. 


In Study 1 there were no significant differences in the 
weights or percentages of total muscle, fat or bone among 
breed groups. HY pigs did however tend to have slightly more 
muscle and less fat than DY or YY pigs. In Study 2, YLY pigs 
had slightly more muscle and less fat (P<0.05) than YL pigs 
but on ae relative basis there were no Significant 
differences between breed groups in percentage muscle, bone 


Obstat. 


YY pigs in Study 1 were 14 days older than DY or HY 
pigs and therefore had the lower carcass and tissue growth 
rates per day of age. Of the three breed groups HY pigs had 
the greater muscle per day of age and DY pigs the greater 
fat per day of age. Carcass growth per day of age was 
Similar for DY and HY pigs. In Study 2 carcass and tissue 
growth per day of age were Similar for the two breed groups. 
These data indicated that breed groups were similar in feed 
conversion in each study. However, the 73 pigs dissected in 
Study 1 were only a sample of the 144 pigs making up the 
experiment. Skitsko and Bowland (1970) indicated that, when 
considering the entire group, HY and YY pigs were more 


efficient in feed conversion than DY pigs. 
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4. Influence of Sex on Tissue Growth 


In each study gilts had less (P<0.05) backfat, carcass 
fat and percentage of fat and more (P<0.05) muscle and 
percentage muscle than did barrows (Tables 1 and 2). Muscle- 
bone ratio and bone weight were similar for each sex. In 
Study 1 liveweight, carcass weight and fat weight per day of 
age was less and muscle weight per day of age greater for 
gilts than for barrows. In Study 2, liveweight and carcass 
weight per day of age were Similar between Sexes but muscle 
weight per day of age was greater and fat weight per day of 


age was less for gilts as compared to barrows (P<0.05). 


Differences in feed conversion for the ES pigs 
dissected in Study 1 were not significant but data for the 
entire experiment (Skitsko and Bowland, 1970) indicated that 
gilts required less feed/kg gain than did barrows. In Study 
2, gilts consumed significantly less (P<0.05) feed/kg gain 
apes barrows (3.48 vs 3.74). 


5. Influence of Ration and Feeding Level on Tissue 


In Study 1 differences in carcass composition due to 
ration groups were Similar to differences due to sex. Pigs 
fed the HE ration corresponded to barrows and those fed the 


LE ration corresponded to gilts (Table 1). 


LE fed pigs had greater weights and percentages of 


muscle and smaller weights and percentages of fat (P<0.05) 
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compared to HE fed pigs. Because they were older (26 days) 
LE fed pigs had smaller liveweight, carcass weight and 
tissue weight gains per day of age than the HE fed pigs. 
Feed conversion favored the HE over the LE fed pigs (2.72 


Vee serie 


In Study 2 pigs fed at the 3.2% level were similar in 
carcass weight and dressing percentage to those fed at the 
3.7% level. Pigs fed at the 4.2% level exceeded those at the 
3.2% and 3.7% levels in each of these measurements (P<0.05). 
Pigs fed at the 3.2% level had greater weights and 
percentages of muscle and bone and smaller weights and 
percentages of fat (P<0.05) than those fed at the 3.7% or 
4.2% levels which were similar. Because of the significant 
difference in ages (232, 188 and 174 days for pigs fed at 
the 3.2, 3.7 and 4.2% levels respectively), pigs fed at the 
4.2% level of feeding had the largest and those fed at the 
3.2% level the smallest liveweight, carcass weight and 
tissue weight gains per day of age (P<0.05). Pigs fed at the 
3.7% level of feeding were intermediate in daily weight 


gains. 


Feed conversion ratios were greater for those pigs fed 
at the 3.2% level of feeding than for those at the 3.7% and 
4.2% feeding levels which had similar ratios. 


6. Interaction Effects on Tissue Growth 
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Interactions, Significant at either the 5% or 1% level 
among liveweight, breed, sex and ration observed in Study 1 


are presented in Tables 3 to 7. 


Table 3 presents the interaction of live slaughter 
weight by sex and live slaughter weight by ration on carcass 
grade indexes. At 91 kg liveweight gilts were superior to 
barrows in grade indexes (105 vs. 102) and pigs fed the LE 
Tation were superior to those fed the HE ration while 
carcass grade indexes for pigs slaughtered at 68 kg and 114 
kg did not reflect carcass composition differences. This may 
be due to the insensitivity in the grading system at the 


light and heavy weights. 


On the LE ration both barrows and gilts reached 
Slaughter weight at similar ages (192 and 190 days 
respectively) while on the HE ration barrows reached market 
11 days earlier than gilts (159 vs. 170 days respectively) 


(Table 4). 


Gilts on the LE ration had more muscle per day of age, 
a greater final weight and slightly greater carcass weight 
per day of age than did barrows. On the other hand, barrows 
on the HE ration were equal to gilts in muscle per day of 
age but had a greater final weight and carcass weight per 


day of age than did gilts (Tables 4, 5, 6). 


Each of these sex by ration effects on carcass 
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Table 3. Mean carcass grade indexes (%) as influenced 
by interactions of slaughter weight by sex and 
Slaughter weight by ration (Study 1). 








SEX RATION 

Slaughter =i 
weight Barrows Gilts LE HE 
6&8 89 87 87 89 
91 102 105 105 162 
114 84 86 86 84 





Table 4. Slaughter age (days) and muscle per day of age 
(g) as influenced by interaction of sex by 
ration (Study 1). 





RATION 
Characteristic Sex LE HE 





Slaughter age (days) Barrows 192 159 
Gilts 190 170 
Muscle per day of age (g) Barrows 159 182 


Gilts 182 182 





Table 5. Final weight per day of age (g) as influenced by 
breed by sex and ration by sex interactions 
(Study 1). 


BREED RATION 
Sex 1B OME HY YY ' LE HE 
Pa a nll Meteo Spit cS lek ce és ah Rak ASN hola n Nett laasoealnd sas 
Barrows 533 561 494 475 584 
Gilts 536 563 483 481 534 
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Table 6. Carcass weight per day of age (g) as influenced 
by breed by ration and sex by ration inter- 
actions (Study 1). 








BREED SEX 

Ration Dy _ Hy vY Barrows Gilts 
LE al 37:5 a aG 363 369 
HE 474 454 409 AGA 428 


Table 7. Fat per day of age (g) as influenced by breed by 
sex interaction (Study 1). 








Sex DY BY Ye 





Barrows 147 145 125 


Gilts 124 107 as? 
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composition were a reflection of the sex by ration 
interactions for feed conversion reported by Skitsko and 
Bowland (1970). Barrows on the LE ration had less efficient 
feed conversion than gilts but were equal to gilts on the HE 


ration. 


In all three breed groups those pigs fed the HF ration 
had a greater carcass weight per day of age than those fed 
the LE ration. However, breed groups ranked differently on 
the rations (Table 6). On the LE ration, HY pigs had the 
greater carcass weight per day of age followed by DY and YY 
Pigs. On the HE ration DY pigs were followed by HY and then 


YY pigs. 


As with the barrow-gilt comparisons, pigs with an 
inherent predisposition to lean growth grew faster on the LE 
ration while pigs with a predisposition to fatten appeared 


to grow faster on the HE ration. 


In the breed by sex interaction (Table 7) gilts from 
each breed had less fat per day of age than did barrows but 
breed group ranking differed with the sex of pig compared. 
DY barrows had similar fat per day of age to HY barrows and 
both groups had more fat per day of age than YY barrows. HY 
gilts had the least fat per day of age followed by YY and DY 


gilts. 


In Study 2 interactions were observed between breed and 
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Table 8. Breed by feed level interaction on fat per day 
of age (g) (Study 2). 


a SS SSS SSS SS SS GSS SSS OY 


FEED LEVEL 
Breed ee tee Seas 4.2% 
ee ee ee ee ee ee ee eee ee eee. eee a 
YL 86 120 146 
YLY 88 108 122 


Table 9. Sex by breed interaction affect on feed 
conversion ratio (Study 2). 





SEX 
Breed Barrow Gilt 
ee ees Oe ae ee Se ee ES en § Pe eee ake 
YL 3.87 3.39 
YLY 3.61 3.57 
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level of feeding for fat gain/day of age (Table 8) and 
between sex and breed for feed conversion (Table 9). At the 
3.2% level of feeding YL and YLY pigs were similar in fat 
gain/day of age but as the feeding level increased to 3.7 
and 4.2%, YL pigs appeared to deposit more fat per day than 


the YLY pigs. 


Although there were no differences noted between breed 
groups in feed conversion (Table 1), YL barrows appeared to 
be less efficient in feed conversion than YLY barrows but YL 


gilts were more efficient than YLY gilts (Table 9). 





7.. Considerations in Pork Production 


From these data 5 would appear that carcass 
composition may be altered by the influence of breed, sex 
and ration. Gilts, pigs fed LE rations or restricted in 
feeding, or strains of pigs with a predisposition to lean 
growth may be fed to heavier liveweights than are presently 
accepted. Under the present grading system, carcasses from 
pigs outside a range of -75 to 100 kg liveweight are 
penalized. There are several reports which suggest that pigs 
slaughtered at both 68 and 114 kg liveweight can be produced 
and processed efficiently and economically and still meet 
consumer desires (Bellis and Taylor, 1961; Brooks et al., 
1964; Field et al., 1961; Varney et al., 1962). Bellis and 
Taylor (1961) indicated the cost of lean production in the 


carcass is highest at 90 - 140 pounds (41-64 kg) liveweight 
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and decreases as liveweight’ increases. From this data costs 
per pound of lean were similar for pigs slaughtered between 
220 and 300 pounds (100-136 kg) liveweight. Berg and 
Richmond (1969) suggested that costs per unit of muscle were 
not markedly different for pigs slaughtered at either 68, 91 
or 114 kg noice ae The data of Doornenbal (A9-7.e TSe2) 
would indicate that the relative changes in the rate of 
muscle and fat deposition in’ pigs up to 132 kg liveweight 
are not dramatic enough to warrant automatic dismissal to 
lower grades. pesuiue from the studies reported here would 
tend to Support these findings. Even though the rate of fat 
deposition increased and that of muscle decreased most 
markedly beyond 91 kg liveweight, muscle still made up a 
greater proportion of the carcass than did fat at 114 kg 


liveweight. 


In North America, the variety of pork products is 
restricted to five or six primal cuts from pigs weighing an 
average of 90 kg liveweight. Little effort has been extended 
to evaluate products that might ensue from pigs of lighter 
or heavier weights. Such evaluations might have a direct 
effect on pig production. For example, pigs with a 
predisposition to fat growth’ might be marketed at lighter 
weights while pigs with a* predisposition to muscle growth 
might be marketed at heavier weights. In these studies, 


gilts slaughtered at 114 kg liveweight had similar 
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proportions of muscle and fat in the carcasses as barrows 
Slaughtered at 91 kg liveweight (Table 10). If gilts could 
be slaughtered at heavier »weights without penalty, the 
producer might be afforded the opportunity for a more 
critical herd selection. Barren gilts and others selected 
for breeding but found unsuitable for some reason could 
still be marketed under a carcass merit assessment. At the 
moment, breeding gilts must be selected prior to 90 kg 
liveweight and no compensation is provided the producer for 
those that are subsequently culled and marketed regardless 
of their carcass composition. Marketing gilts at heavier 
weights may not improve the: genetic composition of the herd 
appreciably but it may afford the producer additional income 
to offset increasing operating costs. In addition, if 
carcasses exceeding 100 ~ kg liveweight are presently 
processed into products other than chops, foasts, bacon, 
etc. (which may be questionable) the supply of these 


products might be increased. 


Diminishing supplies and increasing costs of available 
feed stuffs for pigs may well dictate slaughter weights and 
subsequent pork products in the future. If one assumes that 
pigs may have to be fed lower energy and more fibrous 
rations in the future then it might be expected that the 
length of feeding time may be longer and carcass weights 


heavier to achieve similar relative proportions of muscle 
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Table 10. Relative proportions of muscle and fat in barrow 
and gilt carcasses at different liveweights 
(Study 1 and 2). 








Liveweight 


68 OL 114 














Sex: Barrow Gilt Barrow Gilt Barrow Gilt 


ela RO I A eh 
Study | 


% Muscle 54 58 51 56 46 52 

% Fat 35 Be 39 34 45 38 
Study 2 

% Muscle 54 59 52 54 48 51 

% Fat 36 36 38 36 43 39 
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and fat considered acceptable today. On the other hand, the 
costs of production might change under such a system to 
warrant the marketing of lighter weight pigs. In 
anticipation of future production requirements effort should 
be extended now to properly evaluate the carcass merit of 
pigs slaughtered outside the present mandatory range of 


liveweights. 
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I. Relative Growth Patterns and Distribution of Muscle 


A) Introduction 


As an animal increases in liveweight from birth to 
maturity, major tissues within the body undergo differential 
development and weight distribution. Those tissues whose 
growth is governed mainly by functional demands exhibit an 
early stage of differentiation. Muscle is one of these, as 
well as being the most economically important tissue in the 
carcass. Early evaluations of muscle content and 
distribution were conducted by jointing the carcass into 
“butchers! cuts". In most’ instances, separations by this 
technique did not follow precise anatomical and functional 
divisions of muscles and led to the assumption that genetic 
or environmental factors might influence the distribution of 
muscle within the carcass. More recent evaluations based on 
the technique of serial slaughter and anatomical dissection 
have assisted in a better understanding of the functional 
aspects of muscle development and its response to genetic 
and environmental effects (Berg, 1967; Butterfield, 1963, 
1966; Butterfield and Berg, 1966, a, b, c; Butterfield and 
Johnson, 1971; Davies, 1974;: Lohse, 1973; Mukhoty and Berg, 


1973; Richmond and Berg, 1971,b). 


Muscle growth and distribution in swine as influenced 
by liveweight, breed, sex and ration was reported by 


Richmond and Berg (1971 b). In that study, it was found that 
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most differentiation in growth and distribution of standard 
muscle groups had occurred at or before 23 kg liveweight and 
thereafter their proportions remained relatively constant up 
to 114 kg liveweight. Differences in muscle distribution due 
to the influence of breed, sex or ration were minor. 
However, because of the influence that individual muscles 
may have on muscle groups, it appeared necessary to analyse 
the relative growth patterns of individual muscles and 
muscle groups over a number of liveweights and for different 


breeds, sexes and rations. 


The present chapter reports the results from two 
studies of muscle-weight distribution and the relative 
percentages and allometric growth patterns of individual 
muscles and muscle groups in Swine. 


B) Materials and Methods 





The design and allotment of animals for each study has 
been previously presented (pages 6 and 7). However, the 
muscle data reported here for Study 1 includes an additional 
19 HY barrows and gilts which were slaughtered at the same 
liveweights but were fed the’ HE and LE rations on an ad 
libitum basis rather than at two one-hour intervals. A 
multiway analysis of variance indicated that there were no 
Significant differences in muscle growth or distribution 
between the ad libitum and hourly-fed HY pigs. Data from the 


23 kg liveweight group slaughtered in Study 1 are not 
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included in the statistical analyses but are included in the 


tables for each study as reference points. 


Half-carcasses were dissected into individual muscles, 
fat and bone uSing the technique of Butterfield and May 
(1965). Minor differences’ in carcass preparation were 
employed between the two studies. In Study 1 half-carcasses 
were prepared at a local abattoir and delivered to the meats 
laboratory for dissection. In Study 2 the entire carcass was 
delivered to the meats laboratory where the head was removed 
and the carcass halved. Skin, subcutaneous fat and M. 
cutaneous trunci were removed together and then Separated in 
Study 2 while in Study 1 subcutaneous fat and skin and M. 
cutaneous trunci were individually dissected directly from 
the half-carcass. When necessary for comparison, individual 
muscles were grouped into nine "standard muscle groups" and 


"three expensive groups" (Tables 11 and 14). 


Growth coefficients for individual muscles and muscle 
groups were calculated by the allometric equation Y=ar, 
described by Huxley (1932), and which is equivalent to log 
Y=atb log X where "Y" represents individual muscles or 
muscle groups, “X" represents total muscle, "b" represents 
the growth coefficient and "a" represents the intercept of 
the ordinate. This ar aeet bie equation has previously been 
used to calculate growth ‘coefficients for both physical 


components of the carcass (Butterfield and Berg, 1966a, b, 
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c; Davies, 1974; Elsley et al, 1964; Lohse et al, 1971) and 


chemical carcass components (Suess et al, 1969). 


Multiway analysis of variance, regression and 
comparisons of means were carried out according to methods 
outlined by Steel and Torrie (1960). 


C) Results 


Muscle distribution data from the first study has been 
presented previously (Richmond and Berg, 1971b) and is 
Summarized here for convenient reference. In Study 1 muscle 
distribution was affected only slightly by the influence of 
liveweight, breed, sex or ration (Table 1% Pigs 
Slaughtered at 91 kg liveweight appeared to have a 
Significantly greater percentage of muscle in muscle group 9 
(neck and thorax) than those slaughtered at 68 kg 
liveweight. DY pigs had a greater percentage (P<0.05) of 
spinal muscle than either HY pigs or YY pigs. At 23 kg 
liveweight, gilts had a greater percentage of muscle in the 
proximal pelvic limb, spinal and expensive muscle groups and 
a Smaller percentage of muscle in the neck and thorax (Table 
12). At heavier liveweights, these differences disappeared 
with gilts exceeding barrows only in percentage muscle in 
the distal thoracic limb, while barrows exceeded gilts in 
percent spinal muscle. Two minor interactions between sex 
and ration, and sex and breed, were observed for muscle 


group 7 (thorax to thoracic limb) (Table 13). On the LE 
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ration, barrows had a greater percentage of muscle from 
thorax to thoracic limb than did gilts, while gilts hada 
greater percentage of muscle in this group on the HE ration. 
DY barrows had a greater percentage of muscle in muscle 
group 7 than did gilts, while the reverse of this was true 
for the HY and YY barrows and gilts. No explanation for 
these interactions waS apparent at the time but may be 


explained by the data in this paper. 


In the second study, different breeds and feeding 
levels, more limiting to growth were used. The results are 
presented in Table 14. As in’ the first study, liveweight had 
little influence on muscle distribution within the carcass. 
Only the distal limb muscle groups were found to differ 
significantly. Pigs slaughtered at 68 and 91 kg liveweight 
had a greater percentage of muscle in the distal pelvic limb 
than those slaughtered at 114 kg liveweight (4.17 and 4.08% 
vs. 3.82% respectively). These differences were reflected in 
expensive muscle group "A" with pigs slaughtered at 68 and 
91 kg having a greater percentage of muscle in this group 
than those slaughtered at 114 kg liveweight (33.57 and 
33.72% vs. 32.84% respectively). Pigs slaughtered at 68 kg 
liveweight had a greater percentage of muscle in the distal 
thoracic limb than those  Slaughtered at 91 and 114 kg 


liveweight (2.05% vs. 1.96 and 1.94% respectively). 


Breed differences were observed in three muscle groups. 
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YLY pigs had a greater percentage than YL pigs in muscles of 
the spinal region (17.30 vs 16.69%) and of the distal 
thoracic limb (2.02 vs 1.94%) and a smaller percentage of 
muscle in the abdominal muscle group (9.96 vs 10.23%) 


(P<0.05, 0.01) (Table 14). 


Sex affected the muscles of the distal pelvic limb with 
barrows having a greater (P<0.05) percentage of muscle than 


gilts (4.09 vs 3.96%) in this group. 


Pigs fed at the 3.2% level had a smaller (P<0.05) 
percentage of muscle in the abdominal group than those fed 
at the 3.7% or 4.2% levels (9.73 vs 10.36 and 10.24% 


respectively). 


Significant interactions (P<0.05) were observed for 
weight x feeding level, breed x feeding level and weight x 
breed effects. The proximal and distal pelvic limb and 
abdominal muscle groups were each affected by weight x 
feeding level (Table 15). As: liveweight increased from 68 to 
114 kg, percentage muscle of the proximal pelvic limb in 
those pigs fed at the 3.2% level decreased, but increased 
Slightly in those pigs fed at the 4.2% level and remained 
relatively constant at each liveweight for those pigs fed at 


the 3.7% level. 


Percentage muscle in the distal pelvic limb decreased 


as liveweight increased within each feeding level. Pigs fed 
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Shy) 


at the 3.7% level had the largest percentage of muscle in 
this group at 91 kg liveweight while pigs fed the 4.2% level 


had the largest percentage of muscle at 114 kg liveweight. 


As liveweight increased from 68 to 114 kg, percentage 
muscle in the abdominal muscle group increased from 9.48 to 
9.97% in those pigs fed at the 3.2% level but decreased from 
10.50 to 10.07% and 10.53 to: 10.09% in those pigs fed at the 
3.7% and 4.2% levels respectively. At 68 and 91 kg 
liveweight, pigs fed the 3.2% level had a smaller percentage 
of muscle in this group than those fed at the 3.7% and 4.2% 
levels but at 114 kg liveweight these differences 


‘essentially disappeared (Table 15). 


Interactions between breed and feeding level were 
observed for the proximal pelvic limb and expensive muscle 
group "A" (proximal and distal pelvic limb) (Table 16). 
Within each breed group percentage muscle in the proximal 
pelvic limb was slightly higher for those pigs on the 3.2% 
and 3.7% feeding levels than for those on the 4.2% level of 
feeding. At each feeding level, YL pigs had a_ slightly 
greater percentage of muscle in this group than did the YLY 
pigs. For expensive muscle group "A", the two breed groups 
were Similar in percentage muscle at the 3.2% and 4.2% 
levels of feeding but at the 3.7% feeding level the YL pigs 
had a greater percentage of muscle in this group than did 


the YLY pigs (34.08 vs 32.64%). However, these differences 
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may be more a result of sampling than breed x feed level 


effects. 


Weight x breed interactions are presented in Table 17. 
At 114 kg liveweight, YL pigs had a greater percentage of 
abdominal muscle and a smailer percentage of muscle in the 


distal thoracic limb than YLY pigs. 


Fvaluation of muscle growth was extended to include 
comparative growth patterns of individual muscles. Table 18 
presents the weight of individual muscles as a percentage of 
total muscle weight at each of four liveweights. Both 
Studies 1 and 2 are included. As seen from the table, the 
majority of individual muscles in the carcasses studied 
weighed less than 1% of total muscle. Of the 96 muscles 
dissected, 22 weighed from 1 to 3%, five weighed from 3 to 
7% and one weighed from 10 to 12% of total muscle. The 
remaining 69 muscles each weighed less than 1% of total 
muscle. Small but consistant differences in muscle 


percentages between Studies 1 and 2 were observed. 


Some of these percentage differences may have been due 
to slight differences between studies in the separation of 
small or closely attached muscles. As well, some differences 
may have been the result of carcass preparation. Carcasses 
from the second study which were prepared at the meats 


laboratory had 4.6% scrap muscle compared to 3.1% scrap 
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muscle from carcasses in study 1 which were prepared at a 
local packing plant. Those muscles affected by splitting the 
carcass and separation of the head were less damaged and 
more intact when preparation was done at the meats 
laboratory. These muscles weighed more than the more 
severely damaged and less complete muscles dissected after 
local abbatoir preparation and therefore resulted ina 
greater proportion of scrap. The only muscle knowingly 
affected by differences in dissection procedure was 4M. 


cutaneous trunci. 


As liveweight increased from 23 to 114 kg, individual 
muscle percentages within each study either increased, 
decreased or remained relatively constant. Whether or not a 
muscle maintains a constant percentage over increasing 
liveweights or changes in percentage is a reflection of the 
growth impetus of that particular muscle. To express the 
relative growth impetus of the individual muscles more 
Simply in these studies, growth coefficients (b values) and 
their standard errors (Sb) were calculated for each muscle 
and muscle group, and are presented in Table 19 and Figure 
2. Calculations were made for each study by pooling data 
over all treatments and using the allometric regression 
formula, log Y= a+ b log X with “"yY" representing the 
individual muscle and "xX" total muscle. Muscles with "b" 


values Significantly greater than 1.0 (P<0.05, P<0.01) were 
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classified as being of high growth impetus (growing 
relatively faster than total: muscle), those with b values 
Significantly less than 1.0 (P<0.05, P<0.01) as low growth 
impetus (growing relatively slower than total muscle) and 
those with b values not different from 1.0 as average growth 


impetus (growing at the same relative rate as total muscle). 


In Study 1, seventeen muscles had a high growth impetus 
and twenty-two a low growth impetus, while in Study 2, 
seventeen muscles were classified as high impetus, twenty- 
four as low impetus and one muscle was not classified. The 
remaining muscles in each study were classified as average 
growth impetus. Twenty-one muscles differed significantly 
(P<0.05, P<0.01) in classification between Studies 1 and 2. 
In most cases, differences in growth coefficients reflected 
the small but consistant differences in muscle percentage 
between Studies 1 and 2 noted earlier. Major differences 
were suspected for only three muscles. M. longissimus dorsi 
was classified as high impetus in Study 1 and average 
impetus in Study 2, M. triceps brachii (caput longum) and M. 
extensor carpi radialis were’ classified as low impetus in 
Study 1 but average impetus’ in Study 2 and M. supraspinatus 
was classed as average impetus in Study 1 but high impetus 


TDS eUay. 26 


As reported earlier (Table 11) there was evidence that 


some differentiation in muscle growth was still occurring at 
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23 kg liveweight. It was thought if this were the case, 
comparing regressions calculated over four liveweights (23 
kg weight group included) with regressions calculated over 
three liveweights (23 kg weight group excluded) might assist 
in identifying those muscles with mono or diphasic growth 
patterns. Growth coefficients calculated over all 
liveweights for each of Studies 1 and 2 are compared with 
those calculated for Study 2 with the 23 kg liveweight group 
excluded (column (1) of Table 19). The results indicated 
that 33 muscles had diphasic growth impetus patterns for 
each of Studies 1 and 2 and that 22 muscles may have _ been 
either monophasic or diphasic in relative growth impetus. 
Forty one muscles had a monophasic growth pattern for each 
study. Davies (1974) compared growth coefficients of 62 
muscles between Pietrain and Large White females which had 
been Slaughtered through a 2 kg to 60 kg range in 
liveweight. The results were reported in terms of monophasic 
growth and did not inlcude diphasic growth patterns. 
However, comparing these results with the results of Studies 
1 and 2 indicated relatively similar b values for most 
muscles. Different growth patterns did seem to be evident 
for five of the larger muscles (muscles weighing greater 
than 1% of total muscle). In three instances (M. 
semimembranosus, M. Cutaneous trunci, M. obliquus externus 
abdominis) results from Studies 1 and 2 indicated an average 


or low growth impetus while those of Davies (1974) indicated 
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a high growth impetus pattern. For M. supraspinatus and M. 
latissimus dorsi these classifications were reversed between 
Davies' study and Studies 1 and 2 here. Some of these 
differences may have been influenced by the starting weight 
between the studies. Davies used a starting weight of 2 kg 


while in this study a starting weight of 23 kg was used. 


Growth patterns of individual muscles and muscle groups 
have been reported in cattle by Berg (1968) and Butterfield 
and Berg (1966a, b) and in sheep by Lohse et al., (1971). 
Comparisons of the relative growth impetus patterns of 
individual muscles and muscle groups from these two species 
and from pigs are given in ‘Table 19. Classifications of 
individual muscles were generally similar among the three 
species although variations did occur for some muscles. In 
the pigs from Studies 1 and 2, three muscle groups were 
classified as diphasic (proximal pelvic limb, distal 
thoracic limb and thorax to thoracic limb). In cattle, only 
three muscle groups were classified as not being definitely 
diphasic (spinal, thorax to thoracic limb and neck and 
thorax). In sheep, the spinal, proximal thoracic limb, neck 
to thoracic limb and neck and thorax muscle groups were 
classified as diphasic. Of the muscle groups classed as 
monophasic, all were of average growth impetus in pigs, one 
was of high and one of low impetus in cattle and two were 


high and three low impetus in sheep. These observed 
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differences could reflect some differences in function but 
are probably more a reflection of sexual development and 
maturity. Relative to mature’ liveweights, both the cattle 
and sheep used in these studies were more physiologically 
mature than were the pigs. In addition, the cattle and sheep 
were studied from birth while the pigs in these studies were 
studied after weaning. 


D) Discussion 


Increases in liveweight between birth and maturity are 
accompanied by an early phase of differential muscle 
development followed by a phase of more constant muscle 
growth. In cattle, maximum muscle differentiation takes 
place prior to 240 days of age (Butterfield and Berg, 1966a, 
b) and in pigs at or before 23 kg liveweight. As liveweight 
increases beyond these critical points to maturity, muscle 
distribution remains relatively constant and is influenced 
only slightly by genetic or environmental factors (Berg and 
Mukhoty, 1970; Butterfield, 1963; Richmond and Berg, 1971b; 
Lohse, 1973). After maturation, sexual differences in muscle 
distribution may become more pronounced (Butterfield and 
Berg, 1972). The data from this study did not include pigs 
that had reached full maturity and therefore muscle 
distribution appeared relatively constant with only minor 


differences between sexes noted for some muscle groups. 


The proximal pelvic limb, distal pelvic limb, abdominal 
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and expensive muscle group "A" (proximal and distal pelvic 
limb) were affected directly by either liveweight, breed or 
sex as well as interactions between breed, liveweight and 
feeding level. However, in each case the differences 
observed were very small and may have been due more to 
response to feeding levels or onset of maturity than breed 


or sex. 


Differences in growth of the abdominal muscles in 
response to different levels of feed intake have been 
previously noted in cattle (Murray et al, 1974), in sheep 
(Lohse et al, 1971) and in pigs (Walker et al, 1968a, b). In 
each case those animals consuming the greater quantities of 
feed also contained a greater proportion of muscle in the 
abdominal region. Seebeck (1973) observed that weight loss 
in cattle affected the muscle weight distribution by causing 
the relative proportion of abdominal muscles to fall and 
Lodge and Heap (1967) observed an increase in weight of 


abdominal muscles during pregnancy in sows. 


In Study 2, pigs fed at the 3.2% level were most 
restricted in intake and had a smaller percentage of 
abdominal muscle at each liveweight than those fed at the 
higher levels. In addition, the more restricted pigs were 
increasing in percentage abdominal muscle as liveweight 
increased, whereas the less restricted pigs had apparently 


reached their maximum relative growth for these muscles much 
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earlier as evidenced by the percentage decrease in abdominal 


muscle at the heavier liveweights. 


Breed by liveweight interactions in percentage 
abdominal muscle might also be explained by feed intake. YL 
pigs had a slightly greater percentage of abdominal muscle 
at all liveweights than did YLY pigs. In a previous data 
analysis (Wilson, 1971) it was observed that the YL breed 
group also had the higher realized level of feeding 
throughout the study. They would therefore probably have 


developed a larger capacity to handle this intake. 


Differentiation in muscle growth and the manifestation 
of changes in relative growth impetus of individual muscles 
may be explained as a response to functional demands placed 
on the muscles at various stages of development (Berg and 
Butterfield, 1975; Davies, 1974). Muscles responsible for 
mobility immediately after birth, such as the distal limb 
muscles, are well developed at birth and have a low growth 
impetus relative to the growth of total muscle from then on 
while those muscles responsible for propulsion, such as the 
proximal limb muscles, have a high growth impetus in the 
immediate post natal phaee as the animal becomes more 
mobile. Muscles responsible for posture, such as those 
muscles around the spinal column, grow at a rate relative to 
the growth rate of total muscle throughout life and have an 


average growth impetus although again there may he an 
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immediate post natal spurt. Diphasic growth patterns are 
somewhat difficult to demonstrate using allometric equations 
Since so much depends on the starting point and range of 
measurements. However, muscles do appear to exhibit waves of 
growth impetus in response to changes in functional demands. 
Examples of such growth patterns for pigs, cattle and sheep 
are presented in Table 19. In all three species, the 
relative growth impetus of the distal pelvic and thoracic 
limb muscle groups are classified as being of either low or 
average growth impetus indicating early or average 
development, while the proximal pelvic limb muscle group is 
classed as a high or high-average impetus group, indicating 
more prolonged development. The spinal column muscle group 
is of average growth impetus in pigs but average or high 
average in cattle and sheep. Again these differences may 


reflect differences in starting points. 


Not all muscles within a muscle group have the same 
relative growth impetus pattern however. For example, while 
the spinal column muscle group has an average growth 
impetus, the major muscle in this group (M. longissimus 
dorsi) has a high average or high growth impetus in pigs and 
a high average impetus in cattle and sheep. Lohse et al. 
(1971) have noted that generally, within a muscle group, the 
deeper muscles have a lower growth impetus than the larger 


more superficial muscles. 
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In a previous study (Richmond and Berg, 1971b) growth 
patterns of muscle groups in pigs were tentatively 
classified relative to their percentage increase or decrease 
as liveweight increased. In that report the spinal and 
abdominal muscle groups were thought to be high-average and 
low-average impetus, respectively. Over the range of the 
present ' data these muscle groups appear to be more 
monophasic than diphasic with an average growth impetus. In 
contrast the distal thoracic limb muscle group was 
previously classifed as low impetus but was found here to be 
diphasic with a low-average growth pattern. Muscle group 7 
{thorax to thoracic limb) was previously classified as 
average growth impetus but because of the response to sex- 
breed and sex- ration interactions, it was suggested at the 
time, that this muscle group may actually be diphasic. 
Results from these calculations confirm this suspicion and 
suggest that this muscle group should be classified as 


average high or low high impetus. 


As a means of determining what, if any, differences 
might exist in the relative growth impetus patterns of 
individual muscles and muscle groups among pigs, cattle and 
sheep, comparisons were made with data collected and 
analysed in a comparable manner (Table 19) (Fig. 2). From 
these data, muscle growth in pigs appeared to be nore 


monophasic than that in cattle and sheep. Six muscle groups 
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in cattle and four muscle groups in sheep were classed as 
diphasic but only three muscle groups in pigs were diphasic. 
This may have been due to major differential growth in pigs 
occurring prior to 23 kg liveweight or that the cattle and 
Sheep used by Butterfield and Berg (1966a, b) and Lohse et 
al. (1971) were exhibiting greater differential growth as a 
result of sexual maturation. From the data available, sheep 
appear to exhibit a more prolonged differential development 
of the proximal pelvic and spinal muscle groups than is 
evident in pigs or cattle. Cattle and pigs on the other hand 
appear to have a more prolonged development of the thorax to 
thoracic limb muscle group than do sheep. The abdominal 
muscles of cattle and sheep appear to be later developing 
than those in pigs. But as was noted previously, this is 
probably a functional response to larger abdominal cavity 
contents. The remaining muscle groups (proximal and distal 
thoracic limb and the neck and thorax muscle group), were 
either of average, low, average-low or low-average growth 
impetus in all three species. Muscle group 8 (neck to 
thoracic limb) showed more prolonged differential growth in 
cattle than in pigs or sheep. This may have been due to the 
degree of maturity in the cattle or differential maturation 


response. 


Growth impetus and relative muscle distribution may be 


specific in response to sexual maturity. Mature pigs may or 
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may not exhibit similar differential growth in neck and 
thorax muscles as has been observed in mature rams (Lohse, 
1973) and bulls (Butterfield and Berg, 1972). Weither 
Davies! studies (1974) nor the studies presented here, 


included pigs which had reached full maturity. 


The relative growth impetus of muscles and subsequent 
muscle distribution is dependent on muscle function. 
Considerable differences exist between species in the 
relative proportion of various muscles and muscle groups. 
Berg and Butterfield (1975) compared muscle distribution in 
cattle to that of the pigs from Study 1, sheep, water 
buffalo, banteng, moose, deer, bison and elephant seals. 
Compared to cattle, the pigs, sheep, deer and elephant seal 
all had a greater proportion of muscle around the spinal 
column indicating that these muscles may serve a mobility 
function as well as a support function in these species. On 
the other hand, pigs had relatively less muscle in the 
proximal and distal thoracic and pelvic limbs indicating a 
reduced agility compared to cattle but the banteng, moose 
and deer had a considerably greater proportion of muscle in 
these muscle groups indicating a much greater agility and 
functional usage of these muscles. It is somewhat sobering 
to realize that species which have evolved in a system of 
natural selection may have a comparatively greater 


proportion of muscle in the more desirable regions of the 
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carcass than those species which have undergone intensive 


artificial selection for these traits. 


Major changes in muscle distribution within a species 
would require a major change in muscle function. It is 
unlikely that, within any species, functional Tregquirements 
could be changed enough to result in major differences in 
muscle distribution among animals. This does not exclude the 
possibility of manipulating muscle distribution through 
genetic means, however. Davies (1974) has indicated genetic 
differences in very diverse breeds of pigs and Butterfield 
and Berg (1972) have suggested that changes in muscle-weight 
distribution may be effected by androgen levels. Byrne et 
al. (1973) compared the weights of seven muscles from mice 
ech had been selected either for increased or decreased 
body weight. Selection for high body weight produced 
increases in the weight of all muscles sampled, and 
selection for low body weight produced decreases in the 
weight of all muscles sampled. However, this may not have 
been a differential response’ of the sampled muscles but 
merely a reflection of a-+general increase or decrease in 
muscle mass relative to body size. Gregory (1933) indicated 
that muscle growth may be regulated by general, group and 


specific genetic factors. 


Further investigations of muscle growth and 


distribution within species should be directed towards 
























, Aen ? 1939 it hn vee new 9 inpote ead mead, soit I i 
Jeskerd | eo dd ‘aad meene see tokagh tsa 


14 i 7 nN 
ves okatew woltmti ite)  @f94ee we eapersaS Tobe © 
= eet 


ait athena, TE of2 t0¢ae 5 estupey Gio 


4 eet De, Bae ree he | ,faadt «tot law 7 
a, 


Da aot Go aie fis; HAS > sd bHhkve a7 
: « 4 ay 
. eibae paoo se onttpdi watt aioe 

. . baa 

Scie ‘etslaqines Ww ¥¢ibldteted 


‘| \ So 6 Re = ateD Fy oe 427 Sa >iser 4? 


A 2haitd geet ih daev af eeonete RRR 
~ - i 7 
iedh. 4 > hodteanpie srad=(238T) osed ban” 


sabave! hee vif Fotg89eec ade Oppe co tiniest 

voe io. nd Eau oft. Baeegnes every -fa4 5 

fo? yed hte panned +2 neat sed dotde | 

staw fief eR iptenetoe: taken viet! 

; ho tay in. Siew ons ni ; ~wasp2onh | 
oo ie era i) soutcag jie 26 id wok 20% 0} 990082 


Pie tO8 ¥SK Bie? yao vous baleen 2aiceve hm 16 Sdpdewll 





tad elnaie beiinse ' ot? to ae Lattnarer ath Bw! 
7 f 


70 


determining the various genetic and biochemical controls 
which regulate the development of this tissue. There may 
also be justification in evaluating production systems that 
might utilize those species which already have a more 


"desirable" muscle distribution in the carcass. 
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III. Growth of Chemical Components in Muscle 


Chemical Changes in Body Composition 


A review of early reports concerned with chemical 
composition of the body by Garrett (1968) indicated that 
researchers observed early evidence of similarities in 
chemical composition within species. As fattening increased 
percentage body water decreased. Moulton (1923) suggested 
that on a fat-free basis the chemical composition of the 
body within a species was relatively constant but that the 
water content of the fat-free body decreased with age. The 
tern “chemical maturity" was coined by Moulton to describe 
the period at which the chemical components of the fat-free 
body became relatively constant. Moulton considered this 


period to be at 4.0 to 4.5% of total life expectancy. 


In more recent reports Moulton's description of 
chemical maturity has been criticized as being too general. 
Spray and Widowson (1950) compared the chemical composition 
of different species of animals and concluded that chemical 
maturity was not the same for all body constituents nor for 
different species. Sheng and Huggins (1971) noted that in 
the beagle dog, various chemical components of the body 
reached a plateau at very different ages and liveweights. 
The most dramatic changes in body fat and water occurred 


immediately after birth while Na and Cl were considered 
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"mature" at birth and Ca at approximately two months of age. 
Bailey et al. (1960) considered that attainment of mature 
fat-free size coincided with chemical maturity while Gordon 
et al. (1966) suggested that the influence of nutritional, 
genetic and environmental factors could play a role in 


determining chemical maturity. 


Clawson et al (1955) indicated that, in pigs of 
approximately 225 pounds (102 kg) and 34 to 36% total body 
fat, percentage water, ona fat-free basis, stabilized at 
approximately 75.3 percent while Lawrie (1961a) indicated 
that in cattle percentage water becomes assymptotic at 24 
months of age at 76.6 percent. Osinska and Ziotecka (1972) 
found that percent protein in the carcass of bulls remained 
relatively constant (18.9 to 19.9%) between 43 and 426 kg 
liveweight while Filer and Churella (1963) and Dickerson and 
Widdowson (1960) indicated that percent protein remained 


relatively constant in the pig after six weeks of age. 


Some of the discrepency in establishing the period at 
which chemical composition becomes relatively stable may he 
in the difference of equating composition to age or weight. 
Mitchell and Hamilton (1929) compared the chemical 
composition of pigs of various weights and ages and proposed 
that body composition was related to body weight and not 
age. Reid et al. (1968) found that age and empty-body weight 


were correlated but that empty-body weight accounted for a 
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greater proportion of the variability in body constituents 
than did age. Tulloh (1963) examined data from a number of 
studies and concluded that body composition was more closely 
related to empty-body weight than age or nutritional 
history. Pitts and Bullard (1968) studied adults of a wide 
variety of mammalian species and found body composition to 


be directly related to body size. 


Gross chemical composition of the body in adult animals 
of different species is relatively constant (A.S.A.P., 1963; 
Maynard and Looslie,: 1962). However, gross chemical 
composition is dependent on the fat content of the animal 
and the weight at which it is studied. Reid et al (1968) 
have shown wide variations in gross chemical composition of 
the body both within and between species when animals were 


studied from birth to maturity. 


AS an animal matures and liveweight increases the 
percentage of water and nitrogen in the body decreases and 
percentage fat increases (Brooks et al., 1964; Callow, 1947, 
1948; Clawson, 1955; Elson et al., 1963; Garrett, 1968; 
Gnaedinger et. al., 1963; McMeekan, 1940c; Mitchell and 
Hamilton, 1929; Palson and Verges, 1952a, b; Spray and 
Widdowson, 1950; Wardrop, 1963; Wood and Groves, 1963) . Data 
from some of these reports are summarized in Tables 20 and 


21 while Figure 3 depicts these changes in the pig. Robb et 
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Figure 3. Chemical composition of pigs at different 
liveweights (plotted from data cited by 
Mitchell and Hamilton, 1929). 
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TT 


al. (1972) found that over 90% of the variation in the 
concentration of body fat in horses was associated with the 
variation in water concentration. In pigs, sheep and cattle, 
Reid et al. (1968) indicated that 94.8 to 97.4% of the 
variation in fat concentration was due to the variation in 
concentration of water and that the rate of change in fat 
concentration per unit change in water percentage was 
greater in sheep (-1.3068) than in pigs (-1.1095) or cattle 


(-1.1182). 


On a fat-free basis as the concentration of water in 
the body decreases nitrogen and ash increase. Several 
reports have shown the inverse relationship between water 
and nitrogen (Clawson et al., 1955; Gnaedinger et al., 1963; 
Lawrie et al., 1963; Lawrie and Gatherum, 1964; Walker et 
al., 1968b). Reid et al. (1968) have shown that on fat-free 
basis the body of the pig contains more water and less 
protein and ash than that of sheep or cattle but on a fat- 
free dry basis the pig contains the most protein and least 


ash followed by sheep and cattle. 


Deposition of the mayor chemical components of 
individual muscles follow the same general pattern as that 
found in the whole body. As liveweight increases percentage 
moisture, nitrogen and ash decrease and percentage fat 


increases. A number of studies reporting on the chemical 
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composition of various muscles in pigs and other species are 


summarized in Tables 22 and 23. 


While a general pattern of chemical growth in muscles 
exists, there is little uniformity in chemical composition 
either within or between muscles. Lawrie (1961a) noted that 
in cattle percent fat and nitrogen were lower in the lumbar 
region of the longissimus dorsi muscles than in the thoracic 
region but that as young bulis became more mature the lumbar 
region contained the greatest percentage fat. In pigs 
percent water, fat and nitrogen were reported to be lower in 
the lumbar region than the thoracic region of the 
longissimus dorsi muscle (Lawrie et al., 1963). But, as in 
the case of beef cattle, increases in liveweight caused a 
shift in fat deposition to the lumbar region. Pigs at 150 
pounds liveweight had a smaller percentage of fat in the 
lumbar region than the thoracic region of the longissimus 
dorsi muscle but at 200 pounds liveweight the lumbar region 


contained the greater percentage of fat. 


Species differences also exist in the chemical 
composition of different muscles. Terrell et al. (1969) 
indicated that, in cattle, percent fat in the psoas major 
muscle exceeded that in the longissimus dorsi muscle but 
Allen et al. (1967) and Lawrie et al. (1963) indicated that, 
in pigs, percent fat in the longissimus dorsi muscle 


exceeded that of the psoas major muscle. 
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4. Factors Affecting Growth Patterns of Chemical Components 


4.1 Breed Effects 


Differences in chemical composition of the empty body 
relative to breed have been noted in sheep by Reid et al. 
(1968), McClelland and Russel, (1972), Searle and McGrahan, 
(1972) but not by Arnold et al. (1969). In cattle Gillett et 
al. (1967) found that muscles from Hereford steers contained 
more fat and less moisture than those froweangus steers. In 
pigs Lawrie and Gatherum (1964) noted differences in percent 
chemical fat in the body of Large White (1.35%), Landrace 
(1.76%) and Welsh (2.41%). Gillett et al. (1965) reported 
that Yorkshire pigs had a greater percent of protein in the 
muscle group studied than did Hampshire pigs and McBee et 
al. (1969) reported that crossbreds (Duroc x Yorkshire x 
Tamworth) had a smaller percent fat in the longissimus dorsi 
muscle than did purebreds (Duroc) (5.9 vs. 117..9% 


respectively). 


The influence of body type on chemical composition is 
not clear. Searle and McGraham (1972) suggested that within 
breeds of sheep small animals may contain more intramuscular 
fat than larger animals. However, Mitchell and Hamilton 
(1929) noted little difference in chemical composition of 
Poland China pigs of very diverse types. Reid et al. (1968) 
supported their observations after recalculating their data 


on a constant empty body weight basis. 
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4.2 Sex Effects 


Several reports have noted differences between males 
and females in the chemical composition of carcasses, 
muscles or carcass joints. Bailey et al. (1966) noted that 
at 455 kg liveweight bulls had 7.6% fat in the longissimus 
dorsi muscle compared to 17.3% for steers. Terrell et al. 
(1969) noted that at 386 and 420 kg liveweight heifers had a 
Slightly greater percent fat than steers re 455 kg but were 
Similar in percent protein, water and ash. Suess et al. 
(1969) observed similar compositional differences between 
heifers at 386 kg liveweight and steers at 455 kg 
liveweight. In sheep Andrews and Orskov (1970) found that 


males contained more nitrogen and less fat than did females. 


In pigs Lawrie and Gatherunm (1964) noted sex 
differences relative to breed. Large White and Welsh hogs 
had a greater percentage of water than did gilts of these 
two breeds. Welsh hogs also exceeded gilts in percent fat. 
Large White gilts had a greater percentage of nitrogen than 
Large White hogs but in the lLandrace breed, hogs had a 
greater percentage nitrogen than gilts. Kolaczyk and Kotik 
(1966) indicated that gilts had a greater percentage 
moisture, smaller percentage fat and similar percentage 
nitrogen compared to barrows when each were killed at 96 kg 
liveweight. McBee et al. (1969) reported that gilts and 


barrows had a similar percentage of fat in the longissimus 





















‘iat Kee SS 


yey ws | | a nd! asangss leas¥ee | 
naz? Peo qa (aniuany one nae eotene® heey 

r) .fe to vebish semnger peeorr> Fo 20 fos © 

21 ive Wigkewevir px Bae ase 


4 
ie 463 -vh OF BetieyeoD sloene f2t6b : 
ite a ie Yad? feoon (230nF” 
‘+ +03 fap oeee te faeces y tig ete 


" 
rothw gthedoge eyebteq nl ais 


on Afeon iv tH rade Aye teed oe. eeaenh g 
“ te . 

es tirplewetel ab O2E fs er 
‘ U 
‘\ yoi-qo fos etoubes g@ete (er sateen 
o, ‘| Fos (epogMor @96n beabetoos semee 
‘ : F ' 
ro u .) riiry ae leamal atmwal aDig: ar : 
, i) My : ee 7 
ia ssl .b4erd go aviteles nsareaedeee 


» VS 
eede obeieM v1 evetdouas} astsady ® enn 


ea? Kasoewy o BIL beds Xo cele eyed tate? a one 
Badd” nayGatid do- ark! duoTe aa am bint SOT Ry. “po4ay core 
| 6) ata? svt wi et ‘ned ook aw 3 


or i ‘ = : 
i*\% { iS sai te d naga 
ee 




















_ a Y 







85 


dorsi muscle at 125 pounds liveweight but at 200 pounds 
liveweight barrows exceeded gilts in percent fat in this 
muscle (8.8 vs. 7.0%). Wagner et al. (1963) indicated that 
gilts had slightly more nitrogen than barrows at 150 pounds 
liveweight but were similar to barrows at 200 pounds 
liveweight. Lawrie et al. (1964) noted that boars contained 
a greater percentage nitrogen and smaller percentage fat in 
the longissimus dorsi and extensor carpi radialis muscle 
than did barrows. Doornenbal: (1967) indicated that barrows 
had a greater percent fat in the side than gilts but were 


Similar to gilts in the ham, trimmed loin and shoulder. 


Contrary to all these reports, Reid et al. (1968) 
reported that there was little evidence of sex differences 
in chemical composition from data they received. The only 
observation they noted was that from birth to 70 kg 
liveweight gilts had more body fat than barrows, were 
Similar to barrows in body fat at 70 kg liveweight and less 
than barrows in body fat at liveweights above 70 kg. There 
is evidence, however, of sex hormone influences on chemical 
composition. Bailey et al. (1966) demonstrated that bulls 
implanted with 60 mg of stilbesterol increased in percent 
fat but that steers implanted with 24 mg of stilbesterol had 
a decrease in percent fat. 


4.3 Nutritional Effects 


Numerous studies on a variety of species have been 
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undertaken to evaluate the effect diet and feed intake might 
have on chemical composition of the body and many of these 
have come to different conclusions. The level of protein and 
energy in the diet have been credited with various effects. 
Norton et al. (1970) fed lambs diets containing either 12.0, 
28.5 or 45.5% protein. When compared at the same body weight 
the fat content of body gain decreased and water and protein 
increased as dietary protein increased. Weight of fat in the 
empty body was similar between lambs at 8-9 kg empty body 
weight and lambs at 15 kg empty body weight when fed low and 
medium protein levels respectively. Lambs fed the 12.0% 
protein diet at 7 kg empty body weight were similar in fat 
weight to those fed the 45.5% protein diet at 13 kg empty 
body weight. Martin et al. (1963) noted that calves fed high 
energy rations contained a greater percent of fat and 
nitrogen and a smaller percent water than those fed normal 
energy levels. Andrews and Orskov (1970) found that sheep 
fed high levels of dietary protein had an increased nitrogen 
deposition and decreased fat concentration compared to those 
fed low levels of protein. However, Searle and McGraham 
(1972) and Reid et al. (1968) found no differences in 
chemical composition in sheep due to different dietary 


protein levels. 


Wagner et al. (1963) compared various protein-energy 


rations in pigs and found a decrease in intramuscular fat 
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and increase in tissue nitrogen with increasing protein 
intake. Pigs on low energy diets differed less in fat 
content with increasing protein levels than did those pigs 
receiving high energy diets. Holme et al. (1964) and McBee 
etkaeals (1969) each reported decreases in fat and increases 
in nitrogen as dietary protein increased. However, McBee 
also noted that on a fat-free basis percent protein, water 
and ash were Similar among dietary protein levels. Jenkinson 
et al. (1967) indicated that increased energy intake 
resulted in a decrease in percent water and an increase in 
percent fat with percent protein and ash remaining 
relatively constant. Filer and Churella (1963) found that 
pigs fed a 50% protein ration were similar in body weight 
and protein at two weeks of age as those fed a 14% protein 
ration at four weeks of age. At eight weeks of age body 
weights and composition were similar between the two protein 
levels. Reid et al. (1968) failed to detect any significant 
differences in body composition due to levels of dietary 
protein in pigs. Observations by Cohn (1963) indicate that 
specie differences may exist in response to protein intake. 
Percentage fat increased in rats as protein levels 


increased. 


Level of feeding and restriction of feed appear to 
influence body composition differently in different species. 


Lee et al. (1971) compared the chemical composition of the 





















vide ‘iw vo 1 oA yng ee ath wane eek. es 

ee ae ee ee J 

vo! (hoto ty 7th rie > faedage 

a £1 ere ts onlet <Soaae yeszads iy ta onkvisoss 

3 a } ances fasecteaet) aaaer 

; Jap cejor’t afote9g> eee ee sobaueibe ab) 

to | { ova tste? 6 00 feds. bodo08 aad 

R » maid xaptete pie" in Ss 

a erro. Hi sadenehed 499919 .heo ae 

i 

4 ‘aooteq ob a¢eeitaie se. 12>) Sesigames 
(? FS nwa ted ott.’ te? “tages 

th2 ffar7nm 6 1 Sim _PkasenaD vy feviteiet 7 

| ack? eietes4g a2, 6 ook aplg 

‘yo atgay kt ce dietode “5 

1A Legh So adieew ato? te sone 

FOU , poe « t*elinto @ige jokt Lgeqin> hoe esivies 

ie See ki wT ish of Setiet. (amee ke te Shoe ea tewel 

{¥RereeD, o., Bigwvel oo oak rer ee at ae 

Tee esester sy Matty aod ye as 1o1 ev aoe, wate 

| wt eenoadgaa 2 sebep. im avons 91248 


- - tn a é 7 









ef Oe 


x 


88 


longissimus dorsi muscle among pigs which were either 
fasted, fasted and refed or fed a normal diet throughout. 
Fasted pigs had the most moisture and least fat while fasted 
refed pigs generally contained more fat than controls. 
McMeekan (1940b) reported that at sixteen weeks of age pigs 
on a high plane of nutrition had the greater percent fat and 
a Smaller percent water in the psoas major and longissimus 
dorsi muscles. At 200 pounds liveweight pigs on a low-low 
plane of nutrition had the least fat and most water in these 
muscles while those on the low-high plane had the most fat 
and least water. Walker et al. (1968a, b) reported that pigs 
fed at high levels produced greater concentrations of fat 
but on a fat-free basis no differences in percent nitrogen 
‘Or earar were noted among feeding levels. Widdowson et al. 
(1960) found that undernourished pigs had more total water 
and less total nitrogen than well nourished pigs but when 
rehabilitated total water and nitrogen were similar to the 
well nourished pigs. Reid et al. (1968) found that sheep fed 
once a day gained less than those fed eight times per day 
but that at the same body weight chemical composition was 
not different. Only when sheep underwent periods of 
submaintenance energy intake was a difference noted in 
chemical composition. Fasted-refed sheep had less fat and 
slightly more protein and water than those on uninterrupted 
feeding. Cohn et al. (1963) compared rats which had been 


force fed twice per day with those fed ad libitum. Body gain 
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was Similar but force fed rats contained a greater percent 
of fat and less of water and protein than did those fed ad 
libitum. The reports of Reid et al. (1968) in sheep and Cohn 
(1963) in rats may represent species differences in response 
to the rate at which food is ingested. 


Objectives 


4 


In the studies reported here five muscles representing 
different relative growth patterns were selected to 
determine first what influence breed, sex, ration or feeding 
levels might have on the chemical composition of muscles 
taken from pigs of various liveweights and second what 
differences in chemical composition might exist among 
muscles of diverse functions. 


B) Materials and Methods 





The design and allotment of animals for each of the 
studies has been presented previously (pages 6 and 7). Five 
muscles (M. extensor carpi radialis (ECR), M. longissimus 
dorsi (LD), M- obliquus internus abdominis (OIA), M. 
rhomboideus (RH) and M. semitendinosus (ST)) were selected 
for chemical analysis from 100 of the 109 pigs dissected in 
Study 1 and all 72 pigs dissected in Study 2. The five 
muscles selected were chosen because they had been shown to 
represent different patterns of growth in cattle 
(Butterfield and Berg, 1966a). The relative growth patterns 


of the five muscles used for chemical analysis in these 
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studies were determined and were not found to be appreciably 


different from those in cattle (Table 19). 


The five muscles were weighed at time of dissection and 
frozen. The frozen muscle was then sliced into sections, 
ground in an electric grinder and re-frozen. The frozen, 
ground muscle was then weighed and the moisture content 
determined after drying (AOAC 1965). The dried sample was 
homogenized by hand, a sample of the homoginate was used for 
ether-extract determination and the fat-free material from 
this Sample was then used for hitrogen and ash 
determinations (AOAC 1965). All chemical determinations were 
done in duplicate and the analysis repeated if differences 
between duplicates exceeded five percent. Multiway analysis 
of variance and mean comparisons were carried out according 
to methods outlined by Steel and Torrie (1960). 


C) Results 


The chemical components of each of the five muscles as 
affected by liveweight, breed, sex, ration and feeding level 
in each of the studies are presented in Tables 24 to 27. The 
relative proportions of chemical components are expressed as 
percentages on a dry matter basis in Tables 24 and 25 and 
the relative rate of change of one chemical component to 
another are expressed as weight ratios in Tables 26 and 27. 
Two-way interactions among main effects found to be 


Significant at the 5% level are presented in Tables 28 to 
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32. Data from the 23 kg liveweight group are presented as a 
reference point in Tables 24 to 27 but are not included in 
the statistical analysis. Weights of the chemical components 
for each muscle are presented in analysis of variance form 


in Appendix I for reference purposes. 


In general, muscles sampled from pigs in Study 1 had 
Slightly less water (W), nitrogen (N) and ash and slightly 
more intramuscular fat (F) on a ercantade basis than 
muscles from pigs in Study 2. However, pigs in Study 1 were 
Similar in percentage dissectible muscle, fat and bone to 
Pigs in Study 2. Whether or not differences observed in 
chemical composition were a result of the main effects or 
sampling procedure can not be determined from these data. 


1. Influence of Liveweight 





Figures u and 5 depict the change in chemical 
composition of the composite of the five muscles on a weight 
and percentage basis for Studies 1 and 2. As liveweight 
increased from 23 to 114 kg ash increased the least rapidly 
followed by nitrogen, fat and water (Figure 4). Fat 
deposition paralleled that of nitrogen to 91 kg liveweight 
and then exceeded nitrogen in trate of deposition. On a 
percentage basis nitrogen and ash remained relatively 
constant, percentage water decreased and fat increased as 


liveweight increased (Figure 5). 
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AVERAGE WEIGHT OF CHEMICAL COMPONENTS (g) 
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Figure 4. Average weight (g) of chemical 
components. of five selected: muscles 
relative :to liveweight (kg). 
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Figure 5. Average percent of chemical 


components of five muscles 
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Individual muscles varied in chemical composition. As 
is shown in Tables 24 and 25 in each study there was a 
significant decrease (P<0.05 and 0.01) in percent water with 
a corresponding significant increase in percent dry matter 
for the ECR, LD, RH and ST muscles as liveweight increased 
from 68 to 114 kg. Percent nitrogen decreased slightly in 
all five muscles in Study 1 as liveweight increased but none 
of the changes were significant. In Study 2 percent nitrogen 
‘decreased significantly (P<0.05 and 0.01) from 14.49 to 
14.10% in the ECR, 14.12 to 13.71% in the LD and 13.20 to 
12.57% in the ST muscle. Percentage fat increased from 11.60 
to 17.99% in the ECR muscle, 19.53 to 26.84% in the LD 
muscle and 19.03 to 23.99% in the ST muscles from pigs in 
Study 1 and from 9.91 to 11.61% in the OIA muscles and 14.77 
to 17.47% in the ST muscles from pigs in Study 2. No 
significant changes for percent ash were observed in either 


study as liveweight increased. 


The relative weight changes of the chemical components 
of each muscle are expressed as ratios in Tables 26 and 27. 
As liveweight increased in each study, there were consistent 
increases in the nitrogen/water (N/W) and fat/water (F/W) 
ratios and consistent decreases in the nitrogen/fat (N/F) 
ratios for each of the muscles sampled. Significant 
increases (P<0.01) occurred in N/W ratios for the OIA and ST 


muscles in Study 1 and the ECR, LD, RH and ST muscles in 
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Study 2. In each of these muscles nitrogen was increasing at 
a more rapid rate than water. In some muscles the rate of 
fat deposition exceeded that of water or nitrogen as 
liveweight increased. Significant increases (P<0.05 and 
0.01) in F/W ratios were observed in the ECR, LD and ST 
muscles in Study 1 and the LD muscles in Study 2. N/F ratios 
decreased significantly (P<0.01) in the ECR and ST muscles 
in Study 1 and the OIA, RH and ST muscles in Study 2. Ratios 
which included ash did not change significantly as 


liveweight increased. 


ee ed 


In Study 1 muscles from HY pigs appeared to have 
slightly less moisture and nitrogen and Slightly more fat 
both on a percentage and weight-ratio basis. In only one 
instance were differences significant however. Percent fat 
in the LD muscle of HY pigs was significantly greater 
(P<0.05) than that in YY pigs. DY pigs were intermediate in 
% fat in the LD muscle to HY and YY pigs and not 


significantly different from either (Table 24). 


In Study 2, breed groups appeared to have a greater 
effect on chemical composition of muscles (Tables 25 and 
21) — YE Sorgs shad a eiqnd pileMrtte lower (P<0.01) percentage 
of moisture and nitrogen and a significantly higher (P<0.01) 
percentage of dry matter and ether-extract in the ST muscle 


than YLY pigs. The YL breed group also had a lower 
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percentage of nitrogen and a higher percentage of fat in the 
ECR, LD and OIA muscles than did the YLY breed group (P<0.05 
and 0.01). Percentage ash in the FCR was significantly 
higher (P<0.05) in the YL pigs compared to the YLY pigs. 
This was the only instance where percentage ash differed due 
to treatment. The weight-ratios in Table 27 coincide with 
the percentage differences in Table 25. YL pigs had 
significantly lower (P<0.05 and 0.01) N/F ratios in the ECR, 
LD, OIA and ST muscles and significantly higher (P<0.01) F/W 
ratios in the ECR, LD, OIA and ST muscles than YLY pigs. Fat 
was being deposited at a more rapid rate than nitrogen in 
these muscles in the YL breed group as compared to the YLY 
breed group. Significant differences (P<0.05 and 0.01) were 
noted between the two breed groups in N/A, F/A and W/A 
ratios in the ECR, OIA and ST muscles but these were more a 
result of the changes already noted in nitrogen, fat and 
water than to changes in weight of ash. 


3. Influence of Sex 


In Study 1, barrows had a lower percentage of water and 
nitrogen and a higher percentage of dry matter in the LD and 
RH muscles and a higher percentage of fat in the ECR, LD, RH 
and ST muscles than did gilts (P<0.05 and 0.01) (Table 24). 
As shown by the N/F and F/W ratios in Table 26 fat was being 
deposited at a more rapid rate than either nitrogen or water 


in the muscles of barrows compared to those of gilts (P<0.05 
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and 0.01). 


In Study 2, barrows had a lower percentage of water and 
a higher percentage of dry matter in the LD, OITA and RH 
muscles, a lower percentage of nitrogen in the LD and _ RH 
muscles, a higher percentage of fat in the LD, OIA and ST 
muscles and a Similar percentage of ash in all muscles 
compared to gilts (P<0.05 and 0.01) (Table 26). As in Study 
1, the N/F ratios for the LD, OIA and RH muscles and the F/W 
ratios for the LD, OIA and ST muscles indicate that barrows 
were depositing fat more rapidly than nitrogen or water 
compared to gilts. Some of the ratios which included ash 
were Significantly different between sexes but as with the 
influence of breed these were more a result of changes in 
nitrogen, fat and water than changes in ash. 


4. Influence of Ration and Feeding Level 


Ration and feeding level did not appear to have any 
appreciable effect on the chemical composition of the 
muscles sampled. In Study 1, the only significant difference 
(P<0.05) was for percent nitrogen in the LD muscle. Pigs fed 
the HE ration had a slightly lower percentage of nitrogen in 
this muscle than those fed the LE ration (Table 24). No 


Significant differences occurred in weight ratios. 


In Study 2, pigs fed at the 3.2% level had a 


Significantly lower (P<0.05) percentage of fat in the LD 
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muscle as compared to those fed at either the 3.7 or 4.2% 
levels. This difference was reflected in a significantly 
(P<0.01) higher N/F ratio and smaller F/W ratio in the LD 
muscle (Table 27). 

5. Interactions Among liveweight, Breed, Sex, Ration 


and Feeding Level 


Significant interactions (P<0.05 and P<0.01) between 
liveweight and breed group affected the percent nitrogen and 
N/F ratio in the RH muscle from pigs in Study 1 and percent 
ash in the ECR and “LD muscles from pigs in Study 2 (Table 


Zoa, D, Cred). 


In Study 1, HY pigs had the higher percentage nitrogen 
and N/F ratios in the RH muscle at 68 and 114 kg liveweight 
and the lower percentage nitrogen and N/F ratios at 91 kg 
liveweight. YY pigs had the higher percent nitrogen and N/F 
ratios at 91 kg liveweight. Although HY pigs had a higher 
percentage of nitrogen at 114 kg liveweight, DY pigs had the 
higher N/F ratio indicating that, at this liveweight, the 
rate of nitrogen deposition was greater than that of fat for 


this breed group compared to the other two breed groups. 


In Study 2, weight interactions affected the percentage 
ash in the ECR and LD muscles. For each muscle YL pigs had a 
Slightly lower percentage of ash at 68 kg liveweight and 


higher percentage at 931 and 114 kg liveweight than YLY pigs. 
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Table 28. 


Weight by breed interaction on 
% nitrogen in the RH muscle (Study 1) 











Weight (kq) 68 91 114 
Breed DY 9.20 9.70 Se} 8) 
HY 9.82 8.87 9.44 
YY 9.64 10.32 8.97 





Weight by breed interaction on N/F 
ratio in the RH muscle (Study 1) 





Weight (kg) 68 91 114 
ee ne a eee ee ere 
Breed DY 0.26 0.30 05239 

HY OFSL Oc2s 0.26 

YY 0.30 0.35 6.24 


Weight by breed interaction on % ash in the ECR 
muscle (Study 2) 





Weight (kg) 68 $1 114 

(Se hee etait ae ee secre etiene la ae cael ie Soll ead ol, Ss peers 

Breed YL 4.47 4.61 4.87 
-YLY 4.50 “4.59 4.29 


pocahontas Mle A laieihtin bet senate Late le are a 
Weight by breed interaction on % ash in the LD 
‘muscle (Study 2) 


SE STN OSE IE I LT ET SE LOE I TE ED I TS TI ETE SCE: Ee ATE 


Weight {kg) 68 oF 114 
IE LO a ET II A TI EA TST STD 
Breed YL 4.26 4.62 4.45 

YLY | 5.12 4.46 4.19 
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Table 29. 


Weight by sex interaction on % fat 
in the LD muscle (Study 1) 








Weight (kg) 68 91 114 
Sex Barrow 21.19 22.48 32.56 
Gilt 17.86 17.61 Pat ves, 3 AE 





Weight by sex interaction on % nitrogen 
jm the LD muscle (Study 2) 











Weight (kg) 68 91 114 
Sex Barrow 14.06 14.02 13.34 
Gilt 14.18 13.93 14.08 





Weight by sex interaction on F/W ratio 
in the LD muscle (Study 2) 








Weight (kg) 68 91 114 
Sex Barrow 07350 6.358 0.489 
Gilt 0.283 6.324 0.309 





Weight by sex interaction on % nitrogen 
in the OIA muscle (Study 2) 








Weight (kg) 68 91 114 
Sex Barrow 13.70 14.18 dick head! 
Gilt 14.16 13.92 13.87 





Weight by sex interaction on N/F ratio 
in the ST muscle (Study 2) 





Weight (kg) 68 91 114 
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Generally, percentage ash in each muscle appeared to 
increase in the YL breed group and decrease in the YLY breed 


group as liveweight increased from 68 to 114 kq. 


Weight x Sex interactions were noted in Study 1 for 
percentage fat in the LD muscle and in Study 2 for 
percentage nitrogen and F/W ratio in the LD, percentage 
nitrogen in the OTA and N/F ratio in the ST muscle (Table 


Zoayuupec, dFte)s 


In Study 1, percentage fat in the LD muscle was higher 
in barrows than in gilts at each liveweight. As liveweight 
increased, percentage fat increased in barrows but in gilts 
no noticeable increase occurred until 91 kg liveweight. In 
Study 2, percentage nitrogen in the LD muscle of barrows 
decreased slightly while that in gilts remained relatively 
constant as liveweight increased. At 114 kg liveweight, 
gilts had a slightly higher percent nitrogen in this muscle 


group than did barrows. 


The F/W ratio in the LD muscle of barrows increased as 
liveweight increased and was greater than that of gilts at 
each liveweight. Gilts increased in F/W ratio between 68 and 
91 kg liveweight and then decreased slightly at 114 kg 


liveweight. 


Gilts exceeded barrows in percentage nitrogen in the 


OIA muscle at 68 and 114 kg liveweight but at 91 kg these 
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positions were reversed. This same pattern was reflected in 
the N/F ratio of the ST muscle. At 68 and 114 kg liveweight 
gilts appeared to be depositing more nitrogen and less fat 
than barrows but at 91 kg liveweight, barrows deposited more 


nitrogen relative to fat than did gilts. 


Weight x ration and weight x feed level interaction 
effects are shown in Table 30 (a to j) (P<0.05). At 68 kg 
liveweight percentage fat in the ECR nee from pigs in 
Study 1 was highest for those fed the HE ration but at 91 
and 114 kg liveweight, percentage fat was highest for those 


fed the LE ration (Table 30a). 


In Study 2, a somewhat Similar pattern was observed in 
percent fat, moisture, N/F ratio, F/W ratio and N/W ratio 
for the ECR muscle (Table 30, b, 4, ¢, f, g) (P<0.05). At 68 
kg liveweight pigs fed at the 3.2% level hada lower 
percentage of fat and water, a higher N/F ratio, a lower F/W 
ratio and a higher N/W ratio in the ECR muscle than those 
fed at the 3.7 or 4.2% levels of feed. At 91 kg liveweight, 
pigs fed at the 4.2% level had the lower percentage fat, 
higher percentage water and N/F ratio and lower F/W ratio 
than those fed at the 3.2 or 3.7% levels, NyW ratio was 
similar for all feed levels at this liveweight. At 114 kg 
liveweight, positions were again reversed between pigs fed 
at the 3.2% level and 4.2% level: the ECR muscle of pigs fed 


at the 3.2% level contained greater concentrations of 
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Table 30. 


Weight by ration interaction on % fat 
in the ECR muscle (Study 1) 








Weight (kg) 68 91 114 
Energy HE 12.89 10.98 15.53 
LE 10.32 12.42 20.45 





Weight by feed level interaction on % fat 
in the ECR muscle (Study 2) 








Weight (kg) 68 91 114 
Feed Level 
cheeky 4 7.28 9.79 7.56 
3.7% S23 TOG 9.79 
4.2% 9.76 As 9.63 


Weight by feed level interaction on % fat 
in the OIA muscle (Study 2) 


Weight (kg) 68 91 114 
Feed Level 
See 8.85 9.45 10.39 
3.7% © 9.39 8.97 L2a3): 
4.2% 11.48 8.81 12.4 


Weight by ration interaction on % water 
in the ECR muscle (Study 2) 








Weight (kg) 68 91 114 
Feed Level 
3.2% Tha Lives 77.04 
She 78.35 T7100 1Gwa2s 


4.2% 78.12 78.08 76.35 
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Table 30. (Cont'd) 


Weight by feed level interaction on N/F ratio 
in the ECR muscle (Study 2) 














Weight (kg) 68 91 114 
Feed Level 
3.2% 2.24 rie 1.98 
7S 1.82 1.48 1.54 
4.2% 1.54 2si7 e773 





Weight by feed level interaction on F/W ratio 
in the ECR muscle (Study 2) 








Weight (kq) 68 91 114 
Feed Level 
3.2% 0.020 0.028 0.022 
3.7% 0.021 6.031 0.032 
4.2% 0.027 0.020 0.032 





Weight by feed level interaction on N/W ratio 
in the ECR muscle (Study 2) 








Weight (kg) 68 91 114 
Feed Level 
3.2% 6.041 C.041 0.042 
e756 6.039 0.041 0.044 


4.2% 0.040 0.041 0.043 
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Table 30. (Cont'd) 


Weight by feed level interaction on % nitrogen 
in the LD muscle (Study 2) 





Weight (kg) 68 91 114 
Feed Level 
Ryde 4.59 Ts.7o ans 
Stes 132ok 13.80 13565 
4.2% 13.°6 14.33 37.0 





Weight. by feed level interaction on N/F ratio 
in the LD muscle (Study 2) 





oe 





Weight (kg) 63 91 114 
Feed Level 
ge 2 Os 2iL 1.50 1.65 
BITS ioe 139 Bae9 
4.2% Pe39 1.64 i2s 


Weight by feed level interaction on % ash 
in the ST muscle (Study 2) 








Weight (kg) 68 91] 114 
Feed Level 
Ses 4.65 5.04 4.82 
oes ty! 5.41 4.21 4,12 


4.2% 4.45 4.66 4.42 
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nitrogen and water relative to fat than did the ECR muscle 


from pigs fed at the 3.2% and 4.2% levels of feeding. 


This same pattern also held for percent fat and N/F 
ratio in the LD muscle and percentage fat in the OIA muscle. 
At 68 kg and 114 kg liveweight pigs fed at the 3.2% level 
had the smaller proportion of fat and greater proportion of 
nitrogen but at 91 kg liveweight pigs fed at the 4.2% level 
had the smaller proportion of fat and greater proportion of 
nitrogen compared to the other levels of feeding. Percentage 
ash in the ST muscle of pigs fed at the 3.7% level of feed 
decreased as liveweight increased but remained relatively 
‘constant in muscles from those fed at the 3.2 and 4.2% 


levels. 


Breed x sex interactions (P<0.05) were observed for 
percent fat in the LD muscle and the N/F ratios in the RH 
muscle in pigs from Study 1 (Table 31a, b). In each breed 
group barrows had a higher percentage of fat in the LD 
muscle than gilts. Within the male sex group DY barrows had 
the highest percentage of fat in the LD muscle followed by 
HY and YY barrows but within the female sex group DY gilts 
had the lowest percentage fat and HY gilts the highest 
percentage. A similar pattern was observed for N/F ratios. 
Within sex groups DY barrows had the lowest N/F ratios and 
YY barrows the highest. DY gilts had the highest N/F ratios 


followed by YY and HY gilts. 
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Table 31. 


Breed by sex interaction on % fat 
in the LD muscle (Study 1) 








Sex Barrow Gilt 
Breed DY 28.53 16.30 
' HY 25207 21.64 

YY 21.93 18.04 





Breed by sex interaction on N/F ratio 
in the RH muscle (Study 1) 








Sex Barrow GEE 
Breed DY 0.22 0.34 
HY 0.25 0.28 


CY, 0.28 0.32 
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Breed x feed level interactions (P<0.05) were noted in 
Study 2 for the ECR, ST, OIA and RH muscles (Table 32a to 
4j). For the ECR muscle, YL pigs fed at the 3.2% level and 
4.2% level had a higher percentage of fat, lower percentage 
of nitrogen, lower N/F ratio and higher F/W ratio than the 
YLY breed group. At the 3.7% level of feeding positions were 
reversed between breed groups. For the ST muscle YL pigs had 
a greater percentage fat at all feeding levels than did the 
YLY pigs, however, the difference between the two breed 
groups was considerably less at the 3.7% level than at 
either the 3.2 or 4.2% levels. Percent nitrogen and the N/F 
and F/W ratios reflected the pattern observed in the ECR 
muscle. At the 3.2 and 4.2% levels of feeding, YL pigs had a 
lower percentage of nitrogen and N/F ratio and a higher F/W 
ratio than did YLY pigs. At the 3.7% level of feeding, YLY 
pigs were similar to YL pigs in percentage nitrogen, N/F 


ratio and F/W ratio. 


In the OITA and RH muscles, YL pigs had the higher 
percentage fat and lower percentage nitrogen respectively at 
the 3.2 and 4.2% levels of feeding while the YLY pigs had 
the higher and lower percentages of each component at the 


3.7% level of feeding. 


Several interactions occurred among treatments in the 


five muscles for water, nitrogen and ether-extract when 
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Table 32. 


a) Breed by feed level interaction on % fat 
in the ECR muscle (Study 2) 








Breed YL YLY 
Feed Level 
3.2% S257 6.86 
3.7% 9.16 9.88 
472% TOSoG Lies) 





b) Breed by feed level interaction on % nitrogen 
in the ECR muscle (Study 2) 











Breed YL YLY 
Feed Level 
S2% Lgl 14.65 
3.7% LaeLS 14.15 
4.2% 13.96 14.67 
c) Breed by feed level interaction on N/F ratio 


in the ECR muscle (Study 2) 





| 








Breed YL YLY 
Feed Level 
3.2% eol 2.34 
3.7% 1.67 1.56 
4.2% ) 1.40. anes 
a} Breed by feed level interaction on F/W ratio 


in the ECR muscle (Study 2) 








Breed YL YLY 
Feed Level 
Jc2k 0.027 0.019 
Seite 0.027 0.0390 
4.2% 0.032 0.020 
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Table 32. (Cont'd) 


e) Breed by feed level interaction on % fat 
in the ST muscle (Study 2) 


ares sae aE RT ER STA A I TL I IS TE IS TE ETI TT NE I LTS LD, 


Breed YL YLY 


0 SON 6 OE ASAE STS RT ETAT LEN ST ER CE STAD AE ESERIES LT SRE ATE LS ST OPT LI ER TOE I EI 


Feed Level 


3.2% 19.. h5 11.26 
abe Lift 15.24 
4.2% LOCa7 e203 


eer aesere rc reese ASE AT EP EL IT TE SIE LL I TE ES 


£) Breed by feed level interaction on % nitrogen 
in the ST muscle (Study 2) 


eee screenees aera TE ITE EE TE EL I I TST IT TE SOE NI GTS NETL ELLE TS 


Breed YL YLY 
ener Toe en POE EE A A ES AT SE AA ES LS TT TC NE TOD 
Feed Level 
3, 2% 12.23 356 
a aly 4 12. Si 12.95 
Ju es Ni el ie ee 
g) Breed by feed level interaction on N/F ratio 


in the ST muscle (Study 2) 








Breed YL VEY, 
Feed Level / 
3.2% 0.66 1.26 
Sie tue 0.88 0.89 


4.2% 0.68 1.20 
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Table 32. (Cont‘d) 


Breed by feed level interaction on F/W ratio 
in the ST muscle (Study 2) 


Breed YL YLY 
eT ee eee 
Feed Level 

Scie te 0.068 0.037 

Sie Pass 0.054 0.054 

4.2% 0.067 0.037 


Sn ere ES RE TS TL SY 


Breed by feed level interaction on % fat 
in the OIA muscle (Study 2) 








Breed YL YLY 








Feed Level 


3.2% 10.62 Seok 
3.7% okt Pe FO 753 
4.2% eee. 9.41 


neoprene te ERC AE SONI EEL EE EEL EAS TET I IED OT EEC LI LIED TESS EA LOE TET ITD, 


Ereed by feed level interaction on % nitrogen 
in the RH muscle (Study 2) 


Breed — YL Vere Ee 
cra oh the i ac a et bee a a Da cade es es 
Peed Level 

3.2% . ee 12.58 

3.7% 12.56 ei tevhts 


4.2% Lie Z 12.56 
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expressed as ratios of ash. However, close inspection of the 
data indicated that all of the interactions among ratios 
which included ash were directly related to the differences 
in main effects already noted. 


D) Discussion 


Several of the studies already discussed have reported 
conflicting views as to the influence genetic and 
environmental factors may have on the normal deposition and 
relative changes in chemical components of the body. Some 
have reported a complete absence of any influence on 
chemical composition due to the effects of breed, sex or 
nutrition while others have stated firmly that such effects 
do influence chemical composition. In the studies reported 
here, all three factors appeared to affect both the rate of 
deposition and the relative proportions of chemical 


components of muscle. 


In Study 1, HY pigs appeared to have a slightly greater 
proportion of fat and smaller proportions of moisture and 
nitrogen in all muscles than either DY or YY pigs although 
differences were only significant for the LD muscle 
(P<0.05). In Study 2, YL pigs had a higher percentage of 
fat, a lower percentage of nitrogen and lower N/F ratios for 
the ECR, LD, OIA and ST muscles indicating that, in these 
muscles, YL pigs were depositing fat at a more rapid rate 


than YLY pigs. In each study barrows appeared to have higher 
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concentrations of fat and lower concentrations of nitrogen 
in each muscle than gilts. Significant sex differences were 
noted for all muscles in Study 1 and for all muscles except 
ECR in Study 2. The effect of energy level and feeding 
levels were minimal. In Study 1 pigs fed the LE ration had a 
lower percentage of fat in the LD muscle than those fed the 
HE ration. In Study 2 pigs fed at the 3.2% level of feed 
intake had a lower percentage of fat in the LD muscle than 
those fed at the 3.7 or 4.2% levels. Several of these main 
effects were influenced by interactions and will be 


discussed later. 


As growth proceeds from birth to maturity, increases in 
liveweight are accompanied by various physical and chemical 
changes in the carcass. In the early stages of post natal 
growth muscle is deposited at a more rapid rate than fat or 
bone but as liveweight increases a fattening stage is 
reached at which point the rate of fat deposition exceeds 
eadeor muscle. In the pig, major changes in the relative 
proportions of fat and muscle deposition occur at 
approximately 91 kg liveweight (Figure 1, Tables Vo tand™ 2y% 
These changes in physical growth are reflected by Similar 
changes in chemical composition. Ulyatt and Barton (1963) 
and Brooks et al. (1964) have indicated very definite 
relationships between chemical and physical composition. The 


data from muscles-in these studies were pooled #0 determine 
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if a similar relationship existed here. The results are 
presented in Figure 4. As liveweight increased from 23 to 
114 kg, water, nitrogen and ash increased ina linear 
pattern. Fat, on the other hand, increased linearily fo 797 
kg liveweight but then increased at a more rapid rate than 
the other chemical components to 114 kg liveweight. Thus it 
would appear that the early growth of muscle and the later 
more rapid deposition of separable fat in the carcass 
correspond to the initial high concentrations of water and 
nitrogen in the muscle followed by a later more rapid 
deposition of Sptrantacula: fat. On a relative basis, as 
liveweight increases, the percentage of muscle in the 
carcass and percentage moisture and nitrogen in the muscle 
decrease and percentage carcass fat ai intramuscular fat 


increase. 


The pattern of deposition dee ced in Figure 4 can be 
influenced by several factors however. The interactions 
among liveweight, breed, sex and feeding regimes noted 
earlier appear to suggest that the relationship between 
nitrogen accretion and fat deposition in individual muscles 
vary considerably. For example in Study 1, HY pigs had a 
higher percentage of nitrogen in the RH muscle at 68 and 114 
kg liveweight than DY or YY pigs but at 91 kg liveweight HY 
pigs had the lowest and YY pigs the highest percentage 


nitrogen (Table 28a). Comparing the N/F ratios of these 
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breeds indicates that HY and YY pigs had similar amounts of 
nitrogen and fat in the RH muscle at 68 kg liveweight but 
that between 68 and 91 kg liveweight HY pigs were depositing 
more fat and less nitrogen than YY pigs. Between 91 and 114 
kg liveweight these positions were reversed with HY 
depositing the greater amount of nitrogen and YY the greater 
amount of fat. In Study 2, pigs fed at the 3.2% level had 
greater | concentrations of nitrogen and smaller 
concentrations of fat in the ECR and LD muscles at 68 and 
114 kg liveweight than did those fed at the 3.7 and 4.2% 
levels of feeding. AT 91 kg liveweight those pigs fed at the 
4u.2% level of feeding had the greatest concentration of 
nitrogen and smallest concentration of fat in these two 
muscles (Table 30a, b). Fat deposition in these two muscles 
increased most rapidly between 68 and 91 kg liveweight for 
those pigs fed at the 3.2% level and between 91 and 114 kg 
for those pigs fed at the 4.2% level of feeding. These 
interactions would seem to indicate that in some instances 
fat deposition may exceed nitrogen accretion at much earlier 
liveweights than 91 kg indicated earlier. These results may 
also be a faint reflection of a phasic growth pattern of 
nitrogen and fat. In each of the above muscles, the rate of 
nitrogen deposition exceeded that of fat up to 68 kg 
liveweight, was less than fat between 68 and 91 kg and again 
exceeded that of fat between 91 and 114 kg liveweight in 


those pigs fed at the 3.2% level. While increases and 
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decreases in concentration of nitrogen and fat occurred at 
different points for pigs fed at 3.7 or 4.2% levels of 
feeding, a phasic pattern appeared to also occur at these 


levels. 


The relationship of intramuscular fat and total 
separable carcass fat has long been debated. Doornenbal 
(1967) and Duniec (1961) have each indicated that there is 
little correlation between intramuscular and total separable 
fat in the carcass. The data here can not be used to either 
verify or deny these conclusions but they do suggest 


interesting patterns. 


In Study 1 DY pigs had the most separable fat in the 
carcass and HY the least but percent fat in the LD muscle of 
DY pigs was less than that of HY pigs. The largest 
contributing factor to this difference was due to the very 
small proportion of fat in the LD muscle of DY females. Pigs 
fed the LE ration had less separable carcass fat than those 
fed the HE ration but as liveweight increased from 68 to 114 
kg LE fed pigs had a higher percentage of intramuscular fat 


in the ECR muscle than HE fed pigs. 


In Study 2, no differences were noted in the relative 
proportions of carcass fat between breed groups but the YL 
breed group had a higher proportion of fat extract in the 


ECR, LD, OIA and ST muscles than did the YLY breed group. On 
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the other hand, more positive relationships between 
intramuscular and total dissectible fat were noted in sex 
comparisons. In each study barrows had both a greater 
proportion of dissectable fat and a greater proportion of 
intramuscular fat in most muscles. As well, pigs fed at the 
3.2% level in Study 2 had both smaller amounts of separable 
carcass fat and smaller concentrations of intramuscular fat 
in the LD muscle compared to those fed at the 3.7 and 4.2% 
levels. However, as already noted these differences varied 
and reversed depending on liveweight. From these 
observations it would appear that intramuscular fat is 
poorly related to dissectible fat in the carcass and may be 
influenced to a considerable degree by genetic and 
nutritional factors. Suess et az (1969) reported 
considerable variation in intramuscular fat relative to 
feeding regime. Johnson et al. (1972, 1973) have indicated 
that, in cattle, as percent dissectable fat increased from 
5% at birth to approximately 21% of carcass weight, 
intramuscular fat as a percentage of total carcass fat 
decreased and then remained relatively constant in both 
total muscle and muscle groups despite increased levels of 


total fat. 


Whether or not intramuscular fat makes any significant 
contribution to muscle weight and distribution has often 


been questioned. Johnson et al. (1973) could find no 
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difference in the muscle distribution of cattle when fresh 
muscles were compared to muscles minus the weight of ether- 
extract. Suess et al. (1969) found no difference in growth 
of muscles compared on a fresh weight, fat-free weight or 
fat-free dry weight. In an earlier report (Richmond and 
Berg, 1971b) it was suggested that differences observed 
among DY, HY and YY pigs in percent spinal muscle might be 
due to a@ifferences in intramuscular fat concentrations. DY 
pigs had the greater percentage of muscle in this muscle 
group but were found here to have also had the smallest 
concentrations of intramuscular fat in the largest muscle of 
this group, the LD muscle. Intramuscular fat probably had 
little influence on these breed differences in muscle 
distribution. In Study 2, YL pigs had similar proportions of 
total muscle in the proximal pelvic limb, smaller 
proportions of total muscle in the spinal and distal 
thoracic limb and a greater proportion of muscle in the 
abdominal muscle group compared to YLY pigs. The ST, LD, ECR 
and OIA muscles which represent these muscle groups 
respectively each had a greater concentration of 
intramuscular fat in the YL pigs than in the YLY pigs. From 
this it would appear that intramuscular fat may contribute 
little to total muscle weight or to similarities or 


differences in muscle weight distribution. 


Individual muscles in these studies were not compared 
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to test statistical differences that might exist among them 
in concentrations of the different chemical components. 
However, pooling the data over liveweights did reveal a 
fairly consistent order in chemical composition of the 
muscles in each study. Table 33 ranks the muscles according 
to the different proportions and concentrations of water, 
nitrogen and fat. AS noted in muscle groups by Pryor and 
Warren (1973), the individual muscles here show an inverse 
relationship in chemical composition. Those muscles with the 
greatest ‘concentrations of water have the smallest 
concentrations of fat. A Similar relationship exists between 
water and nitrogen but is not as pronounced. The ECR muscle 
had the greatest concentration of water and nitrogen and the 
smallest concentration of fat while the RH muscle had the 
greatest ‘concentration of fat and smallest concentration of 


water and nitrogen. 


Pryor and Warren (1973) have indicated that differences 
Retvecn muscles in concentrations of intramuscular fat may 
be due to differences in the rate of blood circulation 
through the muscle and to differences in muscle function. 
Those muscles having a slow circulation rate have a higher 
concentration of fat than those with a more rapid rate of 
circulation. Muscles which are very active have less 
intramuscular fat than those that are relatively inactive. 


Johnson et al. (1972) and Pryor and Warren (1973) found that 
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Table 33. Muscles ranked in decreasing order of relative 
proportion of nitrogen, water and fat averaged 


over three liveweights (Studies 1 and 2) 





Percent 
Nitrogen Water 

Study 1 ECR ECR 
OIA OIA 

ST ST 

LD LD 

RH RH 
Study 2 ECR ECR 
LD OIA 

OIA ST 

ST RH 


LD 


Fat 
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Weight Ratio 


n/W 
LD 
OIA 


ST 


N/E 


F/W 


RH 


ECR 
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muscles in the hind limb and fore shin, responsible for 
locomotion, had the least intramuscular fat, while abdominal 
muscles, serving a passive support function, had the most 
intramuscular fat. In this study the ECR muscle was the 
smallest and the most active muscle and had the least 
concentration of fat. The RH muscle is both a support and 
contraction muscle and one which might be expected to have 
less fat than reported here. However, Johnson et al. (1973), 
when comparing individual muscles and muscle groups in 
cattle, found that of the five muscles studied here, RH also 
had the greatest concentration of fat. This may indicate 
that the RH muscle is a relatively sedentry muscle. The ST, 
OIA and LD muscles from the studies presented here were 
intermediate in fat concentration between the ECR and RH but 
changed in position of ranking between Studies 1 and 2. The 
function of the LD muscle is that of Support and extension, 
the ST muscle is that of support and propulsion and the OIA 
that of support and compression. All of these muscles act to 
a greater or lesser degree in support and contraction and, 
relative to their size, may experience Similar degrees of 


activity. 


Functional difference may also be a contributing factor 
to differences in muscle composition between species. 
Terrell et al. (1969) and Lawrie (1961b) reported that in 


cattle the psoas major muscle had a greater percentage of 
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fat than’ the LD muscle but Allen et al. (1967), Lawrie et 
al. (1963) and McMeekan (1940a) indicated that in pigs, 
percent fat in the LD muscle exceeded that of the psoas 
major muscle. In cattle the LD muscle and psoas major muscle 
make up 6.6 and 1.7% of total muscle respectively 
(Butterfield and May, 1965), while in pigs comparable 
percentages for these two muscles are 10.8 and te 
Bee hacuivaty (Table 18). The greater divergence in relative 
size of these two muscles in pigs compared to cattle may be 
due to functional differences and activity. In cattle the 
psoas major muscle may be more sedentry than the LD muscle, 
while in~ pigs, the psoas major muscle may be more active 


than the LD muscle. 


A third factor which may have some influence on 
chemical ‘composition of a muscle is the relative growth 
impetus of the muscle. Those muscles having a high relative 
growth rate to total muscle might be expected to be 
depositing nitrogen more rapidly than fat compared to those 
muscles of low or average relative growth impetus. In these 
studies the FCR muscle had a low-high or average-high growth 
impetus and contained the greatest concentration of nitrogen 
and smallest concentration of fat compared to other muscles. 
On the other hand, the RH muscle was classified as having an 
average or low-average growth impetus indicating that any 


major spurts in growth were already completed. As evidenced 
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by the N/F ratios in Tables 26 and 27, fat concentration 
relative to that of nitrogen was greatest in this muscle. 
The relative growth patterns of the OIA muscle was average 
and those of the LD and ST muscles high-average. These 
muscles had apparently already gone through a high growth 
phase followed by a growth phase relative to that of total 
muscle. As growth receeded from high to average, the rate of 
nitrogen deposition would have decreased and that of fat 
increased. These muscles were intermediate in N/F ratios to 
the more rapidly growing ECR muscle and much Slower growing 
RH muscle. As a muscle of average growth impetus, the OIA 
might have been expected to have concentrations of nitrogen 
and fat ‘more closely related to the RH muscle than the ECR 
muscle as shown here (Tables 26 and 27). However, this 
muscle may not be properly classified here since Davies 
(1973) did suggest a high growth impetus classification for 
the OITA. If Davies' classification is considered then one 
would expect the OIA to be similar to the ECR in nitrogen 


and fat concentration. 


The relative growth impetus of a muscle is directly 
related to its function so that chemical composition of the 
muscle may be more related to function than to growth 
impetus. However, some caution may be required when 
comparing chemical composition of muscles within and between 


animals, that comparisons are made at the same relative 
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Stages of growth. 


It would appear from these and other studies that 
evolutionary functional differences of individual muscles 
may be the primary regulating factor of chemical 


composition. 
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General Summary and Conclusions 


Two studies were undertaken to assess some of the 
physcial and chemical aspects of tissue growth in swine. One 
hundred and eighty one barrows and gilts representing five 
breed groups were fed either high or low energy rations or 
different levels of one low energy ration and slaughtered at 
23, 68, 91 or 114 kg liveweight. 


Tissue Growth 


SE ee 


The relative growth patterns of the major carcass 
tissues in pigs were observed to be similar to those in 
other domestic species. Bone growth was relatively slow and 
muscle growth relatively fast. Fat deposition paralleled 
muscle growth up to 91 kg liveweight and thereafter exceeded 
muscle growth in absolute amount. Liveweight appeared to be 
a determining factor in the relative proportions of muscle, 


fat and bone in the carcass. 


Pigs which were fed rations low in both energy and 
protein on a restricted basis were older than pigs fed more 
liberal levels of higher energy and protein rations but were 
Similar in carcass composition at predetermined slaughter 
weights. Within treatment groups increasing energy levels or 
the level of feeding resulted in increases in the proportion 
of fat and decreases in the proportion of muscle in the 


carcass. 
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Carcasses from gilts contained a greater proportion of 
muscle and less of fat than barrows. Only slight differences 


were noted among breed groups in carcass composition. 


Interactions among main effects indicated differences 
in energy intake and partitioning of nutrients for tissue 
growth. Barrows, pigs fed high energy rations or high levels 
of feed apse strains of pigs with a predisposition to 
fattening were Similar in carcass composition at 91 kg 
liveweight to gilts, pigs fed low energy rations or low 
levels of feed and strains of pigs with a predisposition to 


muscle growth at 114 kg liveweight. 


Present grading standards do not recognize carcass 
merit outside a very narrow range in liveweights. It is 
possible that extending the weight ranges would afford pig 
producers alternative management and marketing opportuni- 
ties. 


Relative Growth Patterns and Distribution of Muscle 
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Slight changes occurred in muscle distribution between 
23 and 68: kg liveweight with little change thereafter. Only 
minor differences were noted in muscle distribution due to 
the effects of breed, sex, ration or feeding level. 
Interactions were observed for weight by feeding level, 
breed by feeding level and weight by breed effects for some 


muscle groups. 
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of the 96 muscles dissected, 69 muscles each weighed 
less than 1% of total muscle. Growth impetus patterns of 
individual muscles and muscle groups were compared with 
those from cattle and sheep. Thirty-three muscles and 3 
muscle groups were classified as diphasic and 23 muscles as 
either mono or diphasic in pigs. In cattle, 23 muscles and 7 
muscle groups were classified as diphasic and 33 muscles and 
4 muscle groups were classified as diphasic in sheep. 
Generally muscle growth in pigs appeared to be more 
monophasic than in cattle or sheep although this difference 
may have been due to differences in starting points and 


degree of maturity. 


Relative growth impetus of muscles and subsequent 
muscle distribution appeared to be dependent on muscle 
function. Muscles responsible for mobility immediately after 
birth, such as the distal limb muscles which are well 
developed at birth, had a low growth impetus relative to 
total muscle. Those muscles responsible for propulsion as 
mobility increases, such as the proximal limb muscles, had a 
high growth impetus. Posture muscles, such as those muscles 
around the spinal column, had an average growth impetus 
indicating growth relative to that of total muscle. The 
relative growth impetus of the abdominal muscles appeared to 


be dependent in part on feed intake. 
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Because relative growth and distribution of muscle 
appears to be directly related to functional requirements it 
is unlikely that within any one species functional 
requirements could be changed enough to result in major 
changes in muScle distribution. However, some manipulation 
might be possible through the use of very diverse breeds or 
the regulation of androgen levels. Further studies of muscle 
growth and distribution should be directed towards 
determining the various genetic and biochemical controls 
which regulate the development of this tissue. 


Growth of Chemical Components in Muscle 
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From these data it appeared that the early growth of 
muscle and later more rapid deposition of separable fat in 
the carcass were accompanied by initial high concentrations 
of water and nitrogen in the muscle followed by a later more 
rapid deposition of intramuscular fat. As liveweight 
increased percentage muscle in the carcass and percentage 
moisture and nitrogen in the muscle decreased while 


percentage carcass fat and intramuscular fat increased. 


In Study 1 breed differences in chemical composition of 
muscle were minor but in Study 2 YL pigs appeared to have 
higher concentrations of fat and lower concentrations of 


nitrogen in all muscles except the LD muscle than YLY pigs. 


BarrowS appeared to have higher concentrations of fat 
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and lower concentrations of nitrogen in each muscle than 


gilts. 


The effects of energy levels and feeding levels were 
minimal. In Study 1 pigs fed the LE ration had a higher 
percentage of fat in the LD muscle than those fed the HE 
ration. In Study 2 pigs fed at the 3.2% level of feed had a 
lower percentage of fat in the LD muscle than those fed at 


either the 3.7 or 4.2% levels. 


Fat concentration in a muscle appeared to be related to 
muscle function and growth impetus. The more active ECR 
muscle with a low-high or average-high growth impetus 
contained the greatest concentration of nitrogen and 
smallest concentration of fat. The more sedentry RH muscle 
With an average or low-average growth impetus contained the 
greatest concentration of fat and smallest concentration of 
nitrogen. The OTA, LD and ST muscles were intermediate in 
activity and had gone through an early growth spurt 
resulting in concentrations of nitrogen and fat intermediate 


to the ECR and RH muscles. 


Because of the relationship between muscle function, 
growth impetus and chemical composition comparisons may have 


to be made at the same relative stage of growth. 
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Appendix 


Tables containing means and standard errors of chemical 


component weights of five muscles for studies 1 and 2. 
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